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ABSTRACT 

We develop a new diagnostic method to classify galaxies into AGN hosts, star-forming galaxies, and absorption- 
dominated galaxies by combining the [O III]/H/3 ratio with rest-frame U—B color. This can be used to robustly 
select AGNs in galaxy samples at intermediate redshifts (z < 1). We compare the result of this optical AGN 
selection with X-ray selection using a sample of 3150 galaxies with 0.3 < z < 0.8 and Jab < 22, selected 
from the DEEP2 Galaxy Redshift Survey and the All-wavelength Extended Groth Strip International Survey 
(AEGIS). Among the 146 X-ray sources in this sample, 58% are classified optically as emission-line AGNs, the 
rest as star-forming galaxies or absorption-dominated galaxies. The latter are also known as "X-ray bright, 
optically normal galaxies" (XBONGs). Analysis of the relationship between optical emission lines and X-ray 
properties shows that the completeness of optical AGN selection suffers from dependence on the star formation 
rate and the quality of observed spectra. It also shows that XBONGs do not appear to be a physically distinct 
population from other X-ray detected, emission-line AGNs. On the other hand, X-ray AGN selection also has 
strong bias. About 2/3 of all emission-line AGNs at Lboi > 10 44 ergs -1 in our sample are not detected in 
our 200 ks Chandra images, most likely due to moderate or heavy absorption by gas near the AGN. The 2-7 
keV detection rate of Seyfert 2s at z ~ 0.6 suggests that their column density distribution and Compton-thick 
fraction are similar to that of local Seyferts. Multiple sample selection techniques are needed to obtain as 
complete a sample as possible. 

Subject headings: galaxies: active — galaxies: nuclei — galaxies: fundamental parameters — galaxies: 
Seyfert — galaxies: statistics 



1. INTRODUCTION 

Recently, it has been realized that nearly every massive 
galaxy bulge hosts a supermassive black hole (SMBH) 
whose mass is tightly correlated with the stellar veloc- 
ity dispersion or the bulge mass (fMagorrian et alJl!998t 
iFerrarese fc MerrittJ 120001: iGebhardt et al.ll2000D . The 
tightness of these correlations suggests that the growth of 
the SMBH is physically linked with the evolution of the 
host galaxy. When SMBHs grow by accretion, they will 
appear observationally as active galactic nuclei (AGNs). 
A complete census of AGNs, which includes both the 
rare high-luminosity quasars and the more typical low- 
luminosity AGNs, is essential for our understanding of 
SMBH-galaxy co-evolution. However, such a census is 
not yet available beyond the local universe, primarily 



due to three reasons. 

First, at higher redshifts, it is difficult to spatially 
isolate the nuclear regions of galaxies for AGN detec- 
tion. Due to the smaller apparent sizes and the fainter 
flux levels of distant galaxies, spatially isolated n uclear 
spectroscopy studies such as that of iHo et al.l (1995) 
are not feasible at high redshifts. Using the integrated 
light, the detectability of AGNs at high-z unavoidably 
depe nds on host galaxy properties such as stellar mass 
(e.g. iMoran et al. 2002) and star formation rate (SFR). 
All AGN selection methods have such dependences, dif- 
fering in the galaxy property involved and on the level 
of sensitivity. This issue has not been fully addressed in 
the literature. 

Second, there is no single method that can select a 
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complete sample of AGNs. In other words, no single 
method identifies all the AGNs found by other methods. 
Every method has its own bias. Besides the different de- 
pendences on host galaxy properties mentioned above, 
obscuration of the AGN light also causes different ob- 
jects to be missed by different techniques. For exam- 
ple, the two methods commonly regarded as the most 
complete for AGN selection are optical emission-line se- 
lection and X-ray selection. Dust extinction throughout 
the host galaxy can dramatically reduce the observed 
optical emission-line luminosity and bias optical selec- 
tion against edge-on disk galaxies. X-ray selection, while 
unaffected even by the worst levels of extinction in the 
host galaxy, is biased against sources in which the X-ray 
emission is heavily absorbed and/or Compton-scattered 
by dense gas clouds much closer to the central engine. 

When optical AGN selection is compared with X-ray 
AGN selection, one type of inconsistency attracts 
special attention: objects generally referred to as 
"X-ray bright, optically normal galaxi es (XBONGs)" 
or "optically du l l" X-ray galaxies (lElyis et al.l 119811: 
Fiore et all feoOOt iMushotzkv et al] 120001: iBarger et all 



20011: IComastriet all l2002t iMaiolino et al 



Brusa et al.ll2003t ISzokolv et al.l 2004; R igbv et al.l 



2003; 



2006; 



Cocchia et al. 2007; Civ ano et al.ll2007t ICaccianiga et alj 
20071: iTrump et al. 20093). These galaxies are bright in 
the X-ray, so bright that they are undoubtably AGNs. 
However, their optical spectra either show no emission 
lines at all or else emission lines having line ratios typical 
of star-forming galaxies. The nature of these sources has 
been hotly debated. Some have argued they could have 
an intrinsically weak narrow-line region due to large 
covering factor or radi atively inefficent accretion flow 
(|Yuan fc Naravanl 120041) . Others have suggested that 
the missing e mission lines are d ue to dilution by host 
galaxy light (Moran et al. 2002) or extinction in the 
host galaxy (jRigbv et al.1 120061 ). We will investigate the 
nature of this population here. However, we distinguish 
those hosts showing star-forming-like emission-line 
spectra from those showing no emission lines, as the 
explanations are different. 

Lastly, the standard method used for spectroscopic 
identification of AGNs is currently observationally too 
expensive to use for large galaxy samples at z > 0.4. In 
the local universe, the classification of AGNs and star- 
forming galaxies is usually achieved by the use of optical 
emission line ratio diagnostic s (e.g.. lBaldwin et aT1ll981l : 
IVeilleux fc Osterbrocklll987l ). The commonly- used dia- 
gram involves two sets of line ratios: [N II] A6583/Ha 
and [OIII] A5007/H/3 (Figure [I]). However, at z > 0.4, 
[N II] and Ha are redshifted out of the optical win- 
dow into the near infrared. Other available diagnostics 
involve either two emission lines separated by a large 
wave length interval, such as [O II] A3727/H/3 (|Rola et al.1 
1997), which is sensitive to extinction and also has a lim- 
ited observable redshift range, or involve the relatively 
weak lines, such as [N I] A5197,5200/H/3 ratio, which 
limit its applicability. These factors have hindered the 
construction of a large, complete, narrow-line AGN sam- 
ple beyond z ~ 0.4. 

This paper first establishes a new optical emission-line 
diagnostic method that avoids the use of [N II] and Ha 
lines so that we can select emission-line AGNs at red- 
shifts beyond z ~ 0.4. We then make use of the rich 



multi- waveband data sets enabled by the All- wavelength 
Extended Groth Strip International Survey (AEGIS) 
Collaboration and high-quality DEEP2 optical/near-IR 
spectra to compare the two major AGN selection meth- 
ods at 0.3 < z < 0.8: optical emission-line diagnostics 
and X-ray selection. In particular, we pay attention to 
objects that are inconsistently classified by the two meth- 
ods. This paves the way to the construction of a more 
complete AGN sample. 

As a by-product, a comparison between optical 
emission-line luminosities and X-ray luminosities of 
AGNs can also help us evaluate the absorbing column 
density distribution among AGNs. In particular, this 
helps to constrain the fraction of Compton-thick AGNs, 
which are required to explain the spectrum of the hard 
X-ray background (Gilli et al. 20 03). Many studies on lo- 
cal A GN samples (e.g.. lBassani et alJI 19991 iRisaliti et al.l 



19991) have shown that about 50% of Type 2 AGNs are 
Compton-thick. However, the Compton-thick fraction 
at higher redshift is more uncertain and is hotly de- 
bated (iDaddi et all 120071 [Fiore et al.ll2008tlDonlev'et al.1 



1-1 
J9; 



20081: iTreister et all l2009t iGeorgantopoulos et all 120091: 
Georgaka kis et alJl2010t iPark et al.ll2010h . partly due to 



the lack of an emission-line selected AGN sample beyond 
the local universe. Therefore, we hope to shed some light 
on this topic with our emission-line AGN sample. 

Throughout the paper, we use a flat ACDM cosmology 
with Q, m = 0.3. We adopt a Hubble constant of Hq = 
70 km s" 1 Mpc -1 to compute luminosity distances. All 
magnitudes are expressed in the AB system. 

2. DATA 
2.1. X-ray imaging and optical identification 

The AEGIS-X survey (jLaird et al.l2009t L09 hereafter) 
has obtained 200 ks exposures over th e entire Extended 
Groth Strip (EGS; iDavis et al.l 120071 : see 32XT1) using 
Chandra ACIS-I. It covers an area of 0.67 deg and 
reaches a limiting flux of 5.3 x 10 _17 erg cm -2 s _1 in 
the 0.5-2 keV band and 3.8 x 10" 16 erg cm" 2 s" 1 in the 
2-10 keV band at the deepest point. It provides a unique 
combination of depth and area, bridging the gap between 
the ultradeep pencil-beam surveys, such as the Chan- 
dra Deep Fields (CDFs) and the shallower, very large- 
area surveys. Its areal coverage is nearly three times 
larger than the CDF-North and South combined. Com- 
pared to the Chandra imaging in the Cosmic Evo lution 
Survey field (Chandra-COSMOS; Em£1 all 120091 ) . our 
survey is slightly deeper but covers a slightly smaller 
area. A detailed comparison of area and flux limits 
among the s e stat e-of-the-art X-ray surveys is given by 
lElvis et, all (|2009h . 

The data reduction and point source catalogs of 
AEGIS-X are presented by L09. The r eduction basi- 
cally f ollowed the techniques described by iNandra et al.1 
(2005) with new calculations of the point spread func- 
tion (PSF; see L09). L09 used a wavelet detection algo- 
rithm run with a low threshold of 10 -4 to identify candi- 
date X-ray detections. Counts and background estimates 
were then extracted within an aperture corresponding to 
the 70% encircled energy fraction (EEF) for each can- 
didate source and used to calculate the probability that 
the source is a spurious detection. All sources with a 
false-positive probability (p) less than 4 x 10~ 6 in any 
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of the bands (soft, hard, ultrahard, or full band) are in- 
cluded in the final catalog. The X-ray count rate was esti- 
mated using the 90% EEF aperture. Unlike L09, we con- 
verted the count rate to flux using a photon index of T = 
1.9, which is more appropria t e for unabsorbed so urces 
(e.g.. iNandra fc Poundslll994t INandra et alJll997ft . We 
also assumed this power-law spectrum to measure K- 
corrections from the observed X-ray flux to the rest- 
frame bands. Both fluxes and luminosities in this paper 
are reported for the rest-frame bands: 0.5-2 keV for the 
soft band and 2-10 keV for the hard band. The hardness 
ratio is defined as HR = (H — S)/(H + S), where S and 
H are the observed counts in the 0.5-2 keV and 2-7 keV 
bands, respectively. The HRs were comput ed using a 
Bayesian method following iPark et all (|2006l) and using 
the BEHR package (version 07-11-2008). They are not 
i^-corrected. 

For sources detected (p < 4 x 10~ 6 ) in some bands but 
not others, if the false-positive probability (p) in an un- 
detected band is less than 0.01, we still make a flux mea- 
surement for that band. Throughout this paper, unless 
otherwise noted, detection refers to having p<4x 10~ 6 . 
In certain cases, we treat sources detected in other bands 
but having 4 x 10~ 6 < p < 0.01 in the 2-7 keV band 
as "detections" to increase the size of the sample with 
2-10 keV flux measurement. 

The AEGIS X-ray source catalog presented by L09 
contains 1325 sources. All but 8 are inside the 
bou ndaries of the D EEP2 CFH12K photometry cata- 
log (jCoil et all l2004fl . Based on a maximum-like lihood 
matching method ([Sutherland fc Sau nders 1992), 895 
sources are uniquely matched 1 to the DEEP2 photomet- 
ric catalog with a Likelihood Ratio (LR) greater than 
0.5 (L09), corresponding to a 68.0% optical identifica- 
tion rate. The estimated contamination rate is ~ 6%. If 
limited to Rab < 24.1, which is the DEEP 2 survey limit, 
the optical identification rate is 53.5%. 

2.2. Optical spectroscopy 
2.2.1. DEEP2 

DEEP2 is a galaxy redshift survey u sing the DEIMOS 
spectrograph on the Keck-II telescope (|Davis et al.ll2003l : 
J. A. Newman et al. in prep). It covered four widely sep- 
arated fields totaling 3 deg on the sky down to a limit- 
ing magnitude of Rab = 24.1. In the EGS, the survey 
obtained ~ 17,775 spectra with 12,651 yielding reliable 
rcdshifts. DEEP2 spectra typically cover approximately 

6500 9200 A with a resolution of R ~ 5000. The 

high resolution enables good subtraction of atmospheric 
emission lines and thus yields better sensitivity for line 
detection in the target spectra. DEEP2 employed a slit 
width of 1", which corresponds to a physical transverse 
scale of 7.1 kpc at z = 0.7. 

Out of the 895 optically identified X-ray sources, 375 
were observed as part of the DEEP2 survey, yielding 249 
successful redshifts (66.4%) including 5 stars and 244 
galaxies. 

Two X-ray sources in the catalog are matched to the same 
DEEP2 object, both with LR > 0.5. These two are not considered 
as valid matches and are removed; visual inspection of both X- 
ray and optical images suggests that both X-ray sources are in 
fact components of a single extended X-ray-emitting halo around 
a compact group of galaxies. 



2.2.2. MMT/Hectospec follow-up 

Because the sampling fraction of the DEEP2 Galaxy 
Redshift Survey is ~ 50% in the EGS field, and the sur- 
vey began before the X-ray observations were taken, not 
all X-ray sources with optical counterparts were targeted 
for spectroscopy. We therefore obtained additional spec- 
tra using the Hectospec fiber spectrograph on MMT for 
as many X-ray sources with optical counterparts as pos- 
sible. The o bservations and d ata reduction are described 
in detail by ICoil et aLl (|2009f ) . The spectra have a res- 
olution of 6 A and cover a wavelength range of approx- 
imately 4500 9000 A. In total, we targeted optical 

counterparts for 498 X-ray sources with 288 yielding re- 
liable redshifts, including 23 stars and 265 galaxies. The 
redshift suc cess rate is a st rong function of the optical 
magnitude (|Coil et al J 1 20091 Figure 2). 

Combining good redshifts from both surveys, out of 
895 unique X-ray sources with secure optical counter- 
parts, we have redshifts for 493 objects, including 25 
stars and 468 galaxies. If we limit to the 426 sources 
with Iab < 22 (the limit of our main sample used in 
this paper), we have 354 secure redshifts out of 388 X- 
ray sources targeted, corresponding to a redshift success 
rate of 91% and an overall completeness rate of 83%. 

The rest-frame U — B colors of galaxies in both spec- 
troscopic samples were derived using t he if-correction 
code described by Wi llmer et al.1 (120061) . Stellar masses 
were derived by iBundv et al.l (|2006T ) from fitting spec- 
tral energy distributions to Palomar/WIRC J- and K s - 
band photometr y and CFH 12K BRI photometry. For 
galaxies without IBundv et al.l (|2006f ) stellar mass esti- 
mates, we substituted the stellar masses computed from 
absolute Mb magnitude and re st-frame B — V color 
using the prescri ption given by iBell et al.l (|2003l ) and 
calibrated to the IBundv et al.l (|2006|) stellar mass scale 
with color- and redshift-d ependent corrections (|Lin et al.l 
l2007irWtiner et al.ll2009l ). 

2.3. Emission-line measurements 

We measured the emission line fluxes in each spectrum 
after fittin g and subtracting the stellar continuum. As in 
lYan et all (J2006I ). each spectrum was fitted by a linear 
combination of two templates after blocking the wave- 
lengths corresponding to emi ssion lines. The templates 
were constructed using the iBruzual fc Chariot! (2003) 
stellar population synthesis code. One template features 
a young stellar population observed 0.3 Gyr after a 0.1 
Gyr starburst with a constant SFR. The other template 
is an old 7 Gyr simple stellar population. Both templates 
are modeled assuming solar metallicity and a Salpeter 
initial mass function. After subtracting the stellar con- 
tinua, we simply summed the flux around the emission 
lines and divided by the median continuum level of the 
original spectrum (before subtraction) in two bracketing 
sidebands to get equivalent widths (EWs). The defini- 
tions fojMlie_rentrjal_bands and sidebands are the same 
as in lYan et all (|2006l ). 

Emission line luminosity estimates require accurate 
flux calibration and correction for slit losses. Both are 
difficult to measure to better than 10% accuracy. On 
the other hand, broadband photometry usually has much 
smaller errors. Using broadband photometry, we can ap- 
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ply X-corrections to get the rest-frame total flux in an ar- 
tificial filter corresponding to our sidebands in EW mea- 
surements. Combining this with the EW measurements 
yields total line flux and luminosity, avoiding the need fo r 
spectrophotometric flux calibration (jWeiner et al.ll2007n . 
The accuracy of this method relies on the assumption 
that the emission line EW does not vary spatially within 
a galaxy. This assumption may not be accurate for 
AGNs, since the narrow-line regions subtend smaller 
scales than the stars in the host galaxies, leading to 
slightly larger [O III] EWs in the central regions of AGN 
hosts. However, for galaxies whose angular sizes are 
small compared to the seeing, the smearing of light by 
the atmosphere will make the emission line EW more 
uniform across the galaxy. X-ray sources are frequently 
massive galaxies. The median angular FWHM of our 
main sample of X-ray sources (0.3 < z < 0.8) in the R- 
band is 1'.'27, which is slightly larger than the slit width 
and the seeing. Therefore, this procedure will only miti- 
gate the error caused by the slit loss but not eliminate it, 
and the emission line luminosity may be overestimated 
for AGNs. However, we expect the resulting bias and un- 
certainty in the emission-line luminosity to be far smaller 
than those in the X-ray luminosity or other uncertainties 
involved in the analysis, such as X-ray variability and 
unknown extinction corrections. 

We used the DEEP 2 CFH12K photometr y cat alog 
(|Coil et al.l 12004ft and Blanton & Roweis's (|2007ft In- 
correct code v4_l_4 to derive the rest-frame absolute mag- 
nitudes for the sidebands around H/3 and [O III] . We then 
converted the magnitudes to fluxes and multiplied them 
by the EWs to compute the total line fluxes and luminosi- 
ties. The uncertainties for the emission-line EWs were 
scaled up according to the differences fro m re peated ob- 
servat ions, following iBalogh et al.l (|1999ft and I Yan et al.l 
(2009). The EW uncertainties are propagated into the 
luminosity uncertainties, along with uncertainties from 
photometry and if-corrections. Throughout the paper, 
we call an emission line detected if the EW is at least 
twice as large as its uncertainty. For non-detections, the 
luminosity upper limits are taken to be twice the uncer- 
tainties, i.e., 2a. 

2.4. X-ray upper limits for optical sources 

Besides studying the X-ray selected sample, we have 
also investigated the X-ray properties of the optically se- 
lected sample. Therefore, we estimated the X-ray flux 
upper limits for sources not detected in X-ray. When 
extracting the X-ray counts at positions of the optical 
sources, we found that many of them have significant 
counts above the background. In many cases, the proba- 
bility that the counts arise from background fluctuation 
is less than 0.1%. The number of such cases is much 
higher than the expected number of false-positive cases, 
suggesting that many of them could be truly associated 
with the optical sources. It is very tempting to include 
them as X-ray detections to increase the sample size. 
However, because the X-ray PSF is usually larger than 
the PSF in the optical images, the X-ray flux could come 
from other untargetted galaxies nearby or even galax- 
ies beyond the optical photometry detection threshold. 
Therefore, we only quote X-ray flux upper limits for these 
sources although the X-ray flux could be significant. 

We estimate the X-ray flux upper limits using the 



Bayesian method (|Helend Il98l Kraft et al.lll991l L09). 
However, unlike L09, who used a power-law prior for the 
sourc e flux distribution , we used a constant, non- negative 
prior (|Kraft et al. 1991) with minimal assumptions made 
about the source flux distribution. This gives more con- 
servative upper limits than the power-law prior. As we 
do not require an X-ray detection, we do not suffer from 
Eddington bias. Our upper limits correspond to the 95% 
confidence limit (2a). In detail, the method applies the 
Bayes' theorem, 



P{s\N,b) oc L(N\s,b)n(s), 



(1) 



where L(N\s, b) is the conditional probability of observ- 
ing N counts given the expected source counts s and 
expected background counts b; it follows the Poisson dis- 
tribution, 
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7r(s) is the prior probabi lity distribution of the expected 
source counts; following iKraft et al.l ()1991ft . we adopt a 
step function for 7r(s), which is a constant when s > 
and is zero otherwise. Bayes' theorem yields the pos- 
terior distribution function, P(s\N,b), for the expected 
source counts given the observed counts and the expected 
background. 

Here we assume that the error in the estimated back- 
ground is small, thus b is known. For each source, the 
total counts were estimated in an elliptical aperture that 
contains 70% of the energy in the simulated PSF. The 
aperture was obtained using the PSF look-up table pro- 
vided by L09. The mean background counts for each 
source were derived the same way as by L09 but were es- 
timated for the aperture with EEF (enclosed energy frac- 
tion) of 70% instead of the 90% EEF aperture. Given the 
observed counts and the expected background counts, we 
estimated the upp er limit of the sour ce counts using the 
formulae given in IKraft et al.l (J1991). The count limit 
was then converted to a flux limit and -RT-corrected by 
assuming a power-law photon index of T = 1.9. 

3. A NEW EMISSION LINE RATIO DIAGNOSTIC 

3.1. The traditional method 

The classification of AGN and star-forming galaxies 
is usually achieve d by the use of opti cal emission line 
ratio diagnostics ([ Baldwin et al.l I1981L hereafter BPT; 
IVeilleux fc Osterbr ock 1987). One most commonly- used 
diagram involves two sets of line ratios: [N II] A6583/Ha 
and [OIII] A5007/H/3 (Figure [J). In such a diagram, 
a.k.a. the BPT diagram, the star-forming galaxies pop- 
ulate a sequence from the upper left to the lower center 
which is the consequence of a correlation between metal- 
licity and ionization parameter. With increasing metal- 
licity, the ionization parameter and hence [O III] /H/3 de- 
crease. Galaxies to the right and upper right of the star- 
forming sequence are AGN hosts, which include Seyferts 
([O III]/H/3 > 3) and low-ionization nuclear emission- 
line regions (LINERs, [O III]/H/3 < 3). AGNs produce 
higher [O III] /H/3 and [N II] /Ha ratios than star- forming 
galaxies because of two reasons. First, AGNs have much 
higher ionization parameters so that they are capable 
of doubly ionizing more oxygen atoms. Secondly, their 
photons are more energetic than those from massive stars 
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and can generate a more extended partially ionized re- 
gion, where [N II] is produced. The exact line ratios de- 
pend on the elemental abundances and the strength and 
shape of th e ionizing spect r a. Fo r a more detailed dis- 
cussion, see lStasihska et all (|2006l ). Nonetheless, the line 
ratio diagnostics provide a powerful way to distinguish 
AGN-dominated galaxies from star-formation-dominated 
galaxies. 

Two empirical demarcations are comm only used for 
defining AGNs and illustrated in Figure Q] iKewlev et al.l 
(2001) provided a demarcation based on extreme star- 
burst mod els. It is a fairly conserv ative limit for defin- 
ing AGNs. iKauffmann et al.l (|2003t ) proposed a more in- 
clusive demarcation. Galaxies that lie between the two 
demarcations are often referred to as composite galax- 
ies that have both AGN and star formation. Since 
SDSS fiber apertures include both the nucleus and the 
host galaxy, a lot of galaxies in this region are prob- 
ably composites. However, this name is misleading in 
two ways. First, galaxies outside this intermediate re- 
gion could also be composite galaxies. Second, some 
galaxies inside this region do not have to be compos- 
ites, and there are evidences against the composite as- 
sumpt ion. Using HST/STIS observations, IShields et al.l 
(2007) showed th at in many such objects identified in the 
Palomar survey (|Ho et al. 1995), the line ratios do not 
become more AGN-like on smaller apertures (10-20 pc), 
contrary to the expectation for composites that smaller 
apertures will include less star formation contribution. 
Therefore, we choose to refer to the region in between 
the two demarcations as the "Transition Region". For 
the regions above and below, we refer to them as "AGN" 
and "star-forming" , respectively. Note, our definition of 
"Transition Region" is differe nt from that of t he "Tran- 
sition Objects" as defined by iHo et al.l (|1997|) based on 
a set of line ratios including [O I] /Ha and using nuclear 
spectra. 

3.2. Our new diagnostic method 

As mentioned in [JT] it is observationally very expen- 
sive to apply the traditional AGN diagnostics at z > 0.4 
due to t he inaccessibil i ty of [N II] and Ha in the visible 
window. IWeiner et all ()2007f ) proposed a "pseudo-BPT" 
diagram using rest-frame ii-band magnitude, Mh , to re- 
place the [N II]/Ha ratio. For star-forming galaxies, Mh, 
a proxy for stellar mass, correlates with the metallicity- 
indicating [N II]/Ha ratio. Thus, this method can dis- 
tinguish Seyferts in relatively massive hosts from low 
mass, low metallicity star-forming galaxies. However, be- 
cause the correlation between stellar mass and [N II] /Ha 
breaks down for AGN host galaxies, the separation be- 
tween star-f orming galaxi e s and AGNs is not very clean. 
Inspired bv lWeiner et al.l (|2007l ). we propose a more ef- 
fective classification method employing the optical U — B 
color of galaxies in place of the [N II] /Ha ratio. Below 
we first demonstrate this method using a galaxy sample 
from SDSS; then we explain why it works and why color 
works better than stellar mass. 

The galaxy sample used in Fig. [T]is selected from the 
Sloan Digital Sk y Survey CSDSS. lYork et al.1 [2000h - 
Data Release Six (|Adelman- McCarthv ct al. 2008) by re- 
quiring 0.05 < z < 0.1, r < 19.77, and all four emission 
lines detected at more than la significance. The emis- 
sion lines are measured in the same way as by lYan et all 
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Fig. 1. — Most commonly used line ratio diagnostic diagram 
(BPT) for a sample of the Sloan Digital Sky Survey (SDSS) galax- 
ies with 0.05 < z < 0.1, r < 19.77, and all four emission lines 
detected a t ~>1o level. The two cu rves indicate the AGN demar- 
cation s of IKauffmann ct al. ( 2003|) (solid line) and IKewlev et alj 
11200 11 1 (dashed line) . We use these demarcations to divide galaxies 
into three groups: AGN hosts (upper right), star- forming galaxies 
(lower left), and transition region (middle). Their distributions in 
our new diagnostic diagram are shown in Fig. [2] 



(|2006f ). As discussed above, we separate this sample 
into three classes: star-forming galaxies, transition re- 
gion galaxies, and AGNs. Figure [2] replaces the horizon- 
tal axis with the rest-frame U — B color. 2 The AGN 
hosts (panel c) are still in the upper right portion of 
the diagram, separated from the star-forming galaxies. 
The transition region galaxies overlap primarily with the 
star-forming galaxies in U — B color. If we limit atten- 
tion to pure AGNs, the U — B color provides an effective 
alternative to the [N II] /Ha ratio for selecting a sample. 
In choosing an empirical demarcation in the new di- 
agnostic diagram, our preference is to limit contamina- 
tion to the AGN sample. This new method certainly 
cannot select al l galaxies containing AG Ns down to the 
demarcation of IKauffmann et all ( 20031 ) without being 
heavily contaminated by star-forming galaxies. We thus 
place the line just above the area populated by pure 
star-forming galaxies, w hich still allows us to retain most 
AGNs classified by the IKewlev et all (|2001l ) limit. The 
demarcation we use is given by 

log([0 III]/Hj8) > max{1.4 - 1.2(17 - B), -0.1}, (3) 

where max{a,6} denotes the greater value of a and b, 
and U — B is the rest-frame color in the AB magnitude 
system. This is illustrated by the lines in Fig. [5] The 
horizontal cut is a bit arbitrary: red galaxies with low 
[O III]/H/3 ratio could be either transition region objects 
or very dusty star-forming galaxies. There are relatively 
few of them. We leave the fine tuning for future work. 

2 The rest-frame U — B color for SDSS galaxies was derived using 
Blanton & Rowcis (2007)'s k-correct code v4_l_4. 
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Fig. 2. — Same sample of galaxies as in Fig. [JJ but replacing [N II]/Ha ratio on the horizontal axis with the rest-frame U — B color. 
The three panels are for (a) star-forming galaxies, (b) transition region galaxies, and (c) AGN hosts, classified according to their positions 
in Fig. [T] The solid lines indicate our empirical demarcation for AGN selection, which removes nearly all pure star-forming galaxies (only 
0.66% of all star- forming galaxies in the sample cross this line). 



With this demarcation (Eqn. [3]), we fin d 95.7% (7138 
out of 7459) of the AGNs selected using the lKewlev et al.l 
(2001) demarcation are still classified as AGNs using the 
new method. If we include all objects in the transition re- 
gion as AGN hosts, the completeness of the new method 
drops to 54.3% (9757 out of 17969). About 1.9% (190 
out of 9947) of the new "AGNs" were classified as star- 
forming galaxies under the old method; these we consider 
contamination. 

3.3. The principle and the bias 

The new classification method is based on the fact that 
nearly all BPT-identified AGNs are found in red galax- 
ies or those with intermediate colors between red and 
blue (hereafter, green galaxies), but hardly any are found 
in very blue galaxies. There are several reasons. First, 
blue galaxies are less massive and have smaller bulge-to- 
disk ratios t han red galaxies. Smaller bulges host smalle r 
black holes (|Magorrian et al.lll998l iMcLure et aTll2006D . 
The bluer a galaxy is, the less massive its black hole is, 
and at a fixed Eddington ratio, the less luminous the 
AGN will be. Thus, a lower fraction of the AGNs in 
blue galaxies will be found above the observational flux 
threshold than those in green or red galaxies. Second, 
star formation in blue galaxies could overwhelm weak or 
moderate AGNs so that the combined line ratios still put 
them in the star-forming sequence on the BPT diagram. 
Both of these effects tend to hide AGNs in blue galax- 
ies. There may also be other physical effects that we do 
not yet understand. Nonetheless, this observational fact 
allows us to use host galaxy color to reproduce the BPT 
selection of AGNs. 

On the other hand, nearly all red/green galaxies that 
have high [O III]/H/3 ratios are found to be AGNs. This 
is because high [O III]/H/3 ratios require high ionization 
parameters which are produced in two types of sources: 



AGN and low-metallicity hot stars. Low-metallicity 
stars are only forming in very blue star-forming galax- 
ies. Therefore, when limited to red or green galaxies, the 
high [O III]/H/3 ratios have to be due to an AGN. 

Therefore, the rest-frame U — B color can be used to 
track AGN activity in a similar fashion as the BPT di- 
agram, because it correlates positively with the bulge 
mass and metallicity, and correlates negatively with the 
star formation rate. Other colors or spectral index (e.g., 
D„(4000)) could also be employed provided they satisfy 
these criteria. 

What kind of AGNs will our method miss? First of all, 
this method is not intended to select broad-line AGNs 
(Type 1) in which the broadband color is not domi- 
nated by the host galaxy. Among narrow-line AGNs, one 
might worry that this method will miss those Seyferts 
with high L[q iiij/A^bh which are shown to live in blue 
star- forming galaxies (Kauf fmann et aDl2007t ). However, 
since our demarcation is tilted, we will not miss the ma- 
jority of these Seyferts: their "blue" colors are redder 
than our limit. We tested this using our SDSS sam- 
ple described in ^3.21 We derived L[ tttj/Mbh following 
iKauffmann et all (|2007l ) and selected the 5% of AGNs 
(defined using the Kewley demarcation) with the high- 
est values of Lp iiij/Mbh, 7^% of these are still classified 
as AGNs in our new diagram. This fraction is lower than 
that for all AGNs since these galaxies do fall on the blue 
edge of the AGN sample. Nonetheless, our new method 
can recover the great majority of them. 

LINERs will be missed by this method if they live in 
blue galaxies, which will make them LINER-star-forming 
composites. On the BPT diagram, they will belong to 
the transition region. We will not be complete for this 
category. The fraction missed depends on where we put 
the demarcation and which method we regard as giving 
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the "correct" classification for each galaxy, if it can be 
well defined. By lowering the demarcation to include 
more transition region galaxies, we would have more 
"contaminations" from the BPT star-forming sequence. 
However, some of these "contaminations" could also be 
AGN-SF composites. Regarding to SF-AGN compos- 
ites, our method has a similar selection bias as the BPT 
diagrams, but with different detailed dependences. 

Locally, we do not find low-metallicity AGNs 
(|Stasihska et al.ll2006l ). If there exist at higher- z, they 
could be missed by both our methods and the traditional 
BPT diagram. 

There is also much evidence now suggesting that 

many luminous AGNs have previously had a star forma- 

i — ii 1 p — ii 1 

tion episode (Kauffmann ct al. 2003; Jahnkc et al. 2004; 

ISanchez~et al. 2004; Sil verman e t al. 2008J), so they have 
bluer host galaxies than their inactive counterparts. 
Would we miss the AGNs in these galaxies? The an- 
swer is "No" . Most post-starbursts in SDSS and DEEP2 
have re dder U — B colo rs than the median star-forming 
galaxy (|Yan et al.ll2009i ). because the U band covers the 
blue side of the Balmer break. We therefore do not ex- 
pect to miss AGNs in most post-starbursts, at least up 
to z~ 0.8. 

The principal advantage of this method is that it 
requires fewer emission lines than the traditional one. 
Hence, it can be applied to higher redshift galaxies and 
suffers less from incompleteness due to missing line de- 
tections, especially in low signal-to-noise (S/N) spectra. 

3.4. Comparison to other methods 

One might expect that stellar masses would perform 
equally well as a replacement for [N II] /Ha. However, 
this is not the case. Figure [3] shows how mass compares 
with rest-frame U — B color in their correlations with 
[N II] /Ha. The sample used is selected from SDSS DR6 
with 0.02 < z < 0.1, M* > 10 9 Af o , and by requiring 
both [N II] and Ha are detected at more than 2cr signif- 
icance. The ste llar masses are derived as a by-product 
in if-correction (|Blanton fc R oweis 2 0071 ). We imposed a 
redshift-dependent stellar mass cut so that at all redshifts 
the sample is complete to a certain stellar mass limit for 
all colors. With this cut, for each galaxy, we computed 
the maximum volume over which a galaxy with that stel- 
lar mass would be included in the sample, V max . Figured] 
plots the 1/Vmax- weighted distribution in [N II]/Ha ver- 
sus M* and [N II] /Ha versus U — B spaces. These reflect 
the distributions of all galaxies in a volume-limited sam- 
ple down to M* > 10 9 Af Q that have a reliable [N II] /Ha 
measurement. 

In Figure [3j the rest-frame U — B color shows a 
much better correlation with [N II] /Ha ratio than stel- 
lar mass does. The difference is especially dramatic at 
log([N II]/Ha) > —0.2, where the trend for stellar mass 
becomes horizontal. These high [Nil] /Ha galaxies are 
mostly AGN-host galaxies that are old and have very 
low or zero SFRs (as indicated by their red colors) . Both 
[N II] /Ha and color in crease with metallic ity in passively 
evolving galaxies (see iGroves et al.l [2004 for the depen- 
dence of [N II] /Ha on metallicity for AGNs), and hence 
they remain correlated as metallicity changes. However, 
although stellar mass correlates with metallicity for star- 
forming galaxies, stellar mass stops growing once the star 
formation stops. Thus, it no longer correlates with the 
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Fig. 3. — Correlations between [N II]/Ha and M t (upper panel) 
and between [N II] /Ha and U — B (lower panel). The sample 
is from the SDSS with selection described in £13.41 The contours 
denote equal density levels, 1/Vmax weighted so they reflect the 
distribution of a volume-limited sample. The contours are loga- 
rithmically spaced with each level inward representing a factor of 
two increment in number density. The highlighted thicker contour 
encloses 88% (upper panel) or 90% (lower panel) of all galaxies in 
a volume-limited sample. 



[N II] abundance or [N II] /Ha ratio. Therefore, color pro- 
vides a better alternative to [N II] /Ha than stellar mass 
does. 

Lamareille et al. (|2004t I2010D investigated the use of 
[O II] A3727/H/3 EW ratio as an alternative to [N II] /Ha. 
This enables the application to redshifts as high as our 
method, though it also requires that [O II] lines are cov- 
ered in the spectra. This method also has troubles dif- 
ferentiating the transition region from the star-forming 
galaxies. Under the ir method, 84.5% o f all Seyferts and 
LINERs (above the iKewlev et al.ll200ll demarcation) are 
classified as AGNs, smaller than our completeness of 
95.7%. The contaminatio n from the sta r-forming se- 
quence (below the Kauffm ann et al.l 2003 demarcation) 
to the AGN category is 2.6%, larger than our number of 
1.9%. 

3.5. Intermediate- z test 

The SDSS galaxy sample we used is at z < 0.1. We 
have shown above that the new method works at this 
redshift. Does it still work at higher redshifts? 

We can test our new AGN/star-forming classification 
method between redshifts 0.2 and 0.4, where the tradi- 
tional line ratio diagnostics are still available within the 
optical window. We used the spectroscopic data obtained 
in the EGS by the DEEP2 survey and with Hectospec to 
test the method. The results are shown in Fig. 0] The 
traditional me thod identified 40 em ission line AGNs that 
are above the IKewlev et al.l (|2001|) demarcation. 3 The 

3 For four objects near the demarcation with arrows pointing 
across it, the limits on line ratios strongly suggest that they belong 
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new method identified 36 of them and missed 4, cor- 
responding to a 90% completeness. It also picked up 8 
objects from the transition region with no contamination 
from star-forming galaxies. It is also encouraging to note 
that as about many X-ray sources (11 out of 12) are iden- 
tified as AGNs in the new diagram as in the traditional 
diagram (10 out of 12). 

Be cause galaxies are bluer at higher rcdshift (jBlantonl 
2006), in principle, our demarcation should shift blue- 
ward slightly. By comparing the color-magnitude dia- 
gram of the DEEP 2 sample at z ~ 0.9 with that of an 
SDSS galaxy sample at z ~ 0.1, we found the division be- 
tween red and blue galax ies shifts by 0.14 mag in U — B 
betw een these redshifts ([Cooper et al. I [20081 I Yan et al.l 
I2009T) , which is consistent with the p assive evolution pre- 
diction (jvan Dokkum fc Franxll2001l ) . The corresponding 
shift between z = 0.3 and z = 0.1 is about 0.04. For the 
sample we will discuss later, which has 0.3 < z < 0.8 
and a median redshift of z ~ 0.55, the shift is about 0.08 
from z ~ 0.1. These shifts are quite small and insignif- 
icant for our results. Considering our sample covers a 
wide redshift range, for simplicity, we do not apply these 
shifts. 

4. X-RAY SELECTION VS. OPTICAL SELECTION 

A commonly used method to identify X-ray AGNs is 
to use a pure luminosity cut of L 2 -iokeV > 10 42 erg s _1 . 
This is a very conservative threshold which is based on 
the fact that no local star-forming galaxies have X-ray 
luminosity above it 4 . However, lower luminosity sources 
could also be bona fide AGNs, which are equally, if not 
more, interesting. The advantage of a selection based on 
X-ray luminosity is its roug h correspondence to a bolo- 
metric luminosity selection (jElvis et al.lll994T ). However, 
this can be compromised by intrinsic absorption of the 
X-ray luminosity. Below, we compare the X-ray selec- 
tion to optical emission line selection in the DEEP2 and 
Hectospec sample. 

We limited our sample to objects that have both 
[O III] and H/3 covered in the spectra, which corresponds 
roughly to a redshift range of 0.3 < z < 0.8. The red- 
shift range is approximate due to the slightly varying 
wavelength coverage of the DEEP2 spectra. We made a 
magnitude cut at Jab < 22 so that our redshift success 
rate is above 90% for both red and blue galaxies, and 
the spectra have a sufficient S/N for stellar continuum 
subtraction. As shown in Figure [SI few X-ray sources at 
0.3 < z < 0.8 are excluded by this cut. To summarize, all 
sources in our sample have to satisfy all of the following 
criteria: 

1. be within the X-ray footprint; 

2. Jab < 22; 

3. have reliable redshifts from either the DEEP2 sur- 
vey or the Hectospec follow-up; 

4. have [O III] and H/3 well covered in the spectra, 
not badly affected by CCD gaps or very bright sky 
lines; 

to the category across the demarcation. Thus, we assigned them 
those classifications. 

Using the calibration by Ranalli ct al. (2003), one would need 
an SFR of 200Mq yr — 1 to produce enough X-ray luminosity from 
non-AGN sources to cross this threshold. 



5. z > 0.3. 

In total, there are 3150 galaxies and 146 X-ray sources 
in this sample. 

In our analysis, we primarily focus on Type 2 AGNs 
since their comoving number density is much higher than 
that of Type 1 AGNs, and the latter are usually identified 
easily in both optical spectra and X-ray data. However, 
we will use Type 1 AGNs as a reference sample. We visu- 
ally identified Type 1 AGN candidates among the spectra 
from DEEP2 and the MMT/Hectospec follow-up survey. 
We measured the FWHM of the broad lines (Ha, H/3, 
or Mg II) and classified those with FWHM greater than 
1000 km s" 1 as Type 1 AGNs. There are 21 Type 1 
AGNs in our sample. All but one are detected in the 
X-ray. The one undetected object is not far from the de- 
tection threshold in the hard band, with a false-positive 
probability ofl.8xl0~ 3 . 

In Figure [6[ we present the new emission-line diagnos- 
tic diagram for all non-Type-1 galaxies in our sample. 
The distribution is similar to that at 0.2 < z < 0.4 (right 
panel of Fig. [4j. For galaxies with either [O III] or H/3 
undetected, we place them at their lower or upper limits 
for [O III]/H/3. In 89% of such cases (726 out of 815), the 
upper limits on the undetected lines are tight enough that 
they do not introduce any ambiguity in the classifications 
of the objects. The remaining 11% are classified as "am- 
biguous" , which represents 3% of our sample and can be 
safely neglected. Figure [6] also plots those galaxies with 
neither [O III] nor H/3 detected at the bottom. Effec- 
tively, we classify all galaxies into three main categories: 
star-forming, AGNs, and quiescent. The X-ray detected 
sources (excluding Type 1 AGNs) are found in all three 
categories. We use solid symbols to denote sources with 
La (2-10 keV) > 10 42 erg s _1 and open symbols to de- 
note fainter sources. The fainter sources either have a 
detected La(2-10 keV) > 10 41 erg s _1 , or, in the cases of 
hard band undetection, have a minimum La (2-10 keV) 
extrapolated (assuming T < 1.9) from the 0.5-2 keV 
band greater than 10 41 erg s _1 . 

The differences between the two selection methods are 
apparent in this figure. First, consider the optically se- 
lected Type 2 AGNs: these are points above the demar- 
cation. Many of them (78% of all optically selected Type 
2 AGNs) are not detected in X-rays. Some are detected 
but are fainter than the commonly used 10 42 erg s _1 
threshold. The majority (51%) of non-Type-1 X-ray 
sources with La (2-10 keV) > 10 42 erg s _1 are also op- 
tically classified as AGNs. However, 22% of them are 
found in the star-forming part of the line ratio diagram 
and 25% are found to have no detectable line emission. 
As mentioned in |JXJ these cases are often referred to as 
XBONGs or optically-dull X-ray galaxies. Often, the 
term XBONG is used to refer both to galaxies with no de- 
tectable line emission and to those with line ratios of typ- 
ical star-forming galaxies. We suggest treating these two 
cases separately as the galaxies are two distinct types; 
in the remainder of this paper, we only use XBONG to 
refer to the class with no detectable line emission, and 
thus our XBONGs are nearly all red-sequence galaxies. 

To understand the reason for the discrepancy between 
optical selection and X-ray selection, we investigate a 
few classes of objects, grouped according to the differ- 
ences in X-ray and optical classifications. To simplify 
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Fig. 4. — Left: standard line ratio diagnostic diagram for a sample of sources in the EGS with 0.2 < z < 0.4. Arrows indicate the 
2<r upper and lower limits for ga laxies in which o ne of the four lines is not significantly detected. The solid and dashed curves show the 
demarcation used by Kauffmann ct al. (2003) and Kcwlcy ct al. (2001) to separate AGN hosts from star- forming galaxies. We use the two 
curves to classify all galaxies into three categories: red squares indicate AGN host galaxies; small gray crosses are star-forming galaxies; 
and blue triangles are galaxies in between, which is usually considered as composite objects. Large dark crosses indicate sources detected 
in the X-ray. Right: the same galaxies now plotted on the U — B vs. [O IIIJ/H/3 diagram. The AGN hosts are still at the upper right 
portion, separated from star-forming galaxies. The solid lines mark our empirical cuts, which were designed on the basis of lower-redshift, 
SDSS data. 



things, we do not separate the bright and faint X-ray 
sources into two separate categories, since the luminosity 
threshold is somewhat arbitrary. We have three optical 
classifications — AGN, SF, and quiescent — and two X-ray 
classifications — detections and non-detections. 

First, we will consider the objects that are classified 
as AGNs by the optical selection and are detected in X- 
ray. For brevity, we will call them "unambiguous AGNs" . 
Second, we will discuss X-ray detected sources that are 
found in the sta r-forming branch o f our diagnostic dia- 
gram. Following Moran et al.l (|1996l) and lLevenson et all 
(2001), we call them "X-ray-loud composite galaxies" , re- 
flecting their AGN-star-forming composite nature, as we 
will show below. Third, we will investigate X-ray sources 
with no detectable line emission (XBONGs). Lastly, we 
will discuss optically selected AGNs with no X-ray detec- 
tion, which we refer to as "optical-only AGNs" . We will 
use these names for each class throughout the remain- 
der of this paper. Their definitions are summarized in 
Table [U along with the number of objects in each class. 
Note, because of the preferential follow-up of the X-ray 
sources, the numbers in this table should not be used 
to estimate the fraction of emission-line AGNs that are 
detected in the X-ray. For that analysis, we limit the 
sample to only sources targeted in the DEEP2 survey, 
where no preference was given to X-ray sources. 

As will be shown below, the union of X-ray selected 
AGNs and optically selected AGNs provides a much more 
complete AGN sample. Table. @] lists the IDs, coordi- 
nates, redshifts, optical colors, emission line properties, 
and the classifications of all the X-ray sources and the 
optical-only AGNs in our sample, along with Type 1 
AGNs. 



4.1. Unambiguous AGNs 

Most (83%) optically classified AGNs that are also de- 
tected in X-rays have L x (2-10 keV) > 10 42 erg s _1 , 
which confirms their identity as AGNs. The correla- 
tions between the emission line and X-ray luminosities of 
this population establish prototype relations for AGNs. 
Both [O III] and hard X-ray are good indicators for AGN 
bolometric lumin osity (Hcckman ct al. 2004 for [O III] ; 
lElvis et all 119941 for X-ray). Because [O III] originates 
from the narrow-line region, which is outside the obscur- 
ing dusty torus, it is usually regarded as an isotropic 
luminosity indicator. While X-rays can penetrate dust 
easily, they can be absorbed by a high column density of 
neutral gas in the torus. Among Type 1 AGNs, for which 
we have an unobstructed view of the accretion disk, X- 
ray luminosity is found to correlate with [O III ] luminos- 
ity (|Mulchaev et alJll994fclHeckman et al.ll2005l ). There- 
fore, comparing X-r ay with [O HI] can reveal the level 
of X- ray absorption (|Maiolino et al.|[l998t iBassani et al.l 
fl999l) . 

Figure [7] compares [O III] emission with X-ray in both 
flux and luminosity. Type 1 AGNs have a slightly 
larger median log(Lx(2-10 keV)/Lr jni) ratio (1.83 
dex) and a narrower distribution than our Type 2 
AGNs (median=1.42 dex, see Tabled]). However, the 
I/j>c(2-10 keV)/Lr mi difference between Type 1 and 
Type 2 AGNs d epend s on how the sample is selected. 
iHeckman et al.l (|2005f) showed that in a hard-X-ray- 
selected sample of local AGNs, Type 1 and Type 2 AGNs 
exhibit Lx(2-10 keV)/Lr ttti ratios indistinguishable 
from each other. However, in a sample selected by [O III] 
luminosity, many Type 2's can be present with low X-ray 
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TABLE 1 
Classification Definitions for Non-Typb-1 Objects 



Emission Line (3129) 



X-ray Detected (126) 



X-ray Undetected (3003) 



AGN (291) Unambiguous AGNs (64) 

SF (1799) X-ray-loud composite galaxies (28) 
Quiescent (950) XBONGs (32) 

Ambiguous (89) Ambiguous (2) 



Optical-only AGNs (227) 



Note. — The numbers in parentheses indicate the sample size in each class. 



TABLE 2 
Median log L x (2-10 keV)/L[o hi] Ratios for Unambiguous AGNs 

Class HX-selected [O III]-selected 

Our Sample Heckman et al. (2005) LaMassa et al. 



Typel 

Type 2 

Combined 



1.83 (0.29) 
1.42 (0.50) 
1.57 (0.53) 



1.69 (0.41) 
0.68 (1.16) 
1.22 (1.01) 



0.46 (1.01) 



Note. — Numbers in parentheses are the scaled median absolute deviations Smad of each sample. Median absolute deviation (MAD) 
is a robust estimator of distribution width for small samples. Wc follow Beers et al. (1990) to defin e Smad = MAD/0.6745, which is 1 for 
a normal distribution with standard deviation = 1. Statistics from Heckman et al. (2005) and LaMassa et al. (2009) have been computed 
from their data tables. 
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Fig. 5. — Magnitude and redshift distribution of X-ray sources 
(large points) that have optical counterparts and successful red- 
shifts from the DEEP2 survey and/or the Hectospec follow-up 
program, compared with the overall distribution of galaxies (small 
gray points) with redshift successfully obtained in these two sur- 
veys. The red points are X-ray sources in our sample. The dashed 
lines indicate the magnitude limit and the approximate redshift 
limits. The latter is approximate due to the slightly varying wave- 
length coverages of DEEP2 spectra. Objects are rejected from the 
sample if their spectra do not cover both [O III] and H/3, which 
could also be due to CCD gaps, bad columns, etc. We also exclude 
all objects at z < 0.3. 



luminosity, presumably due to absorption. The Type 1 
AGNs then have a median ratio much larger than that 
of Type 2 and have significantly less variation in the ra- 
tio than Type 2 AGNs. The unambiguous AGNs are 
effectively a hard-X-ray-selected sample; there is a small 
difference between Type 1 and Type 2 but not nearly as 



Fig. 6. — New emission-line diagnostic diagram for DEEP2 galax- 
ies with 0.3 < z < 0.8. The solid line shows the proposed demar- 
cation between star-forming galaxies (below and to the left) and 
AGNs (above and to the right). Galaxies with either [O III] or 
H/3 undetected are placed at their 2<r upper (blue points) or lower 
(red points) limits, respectively (arrows are omitted for clarity). 
In nearly all cases, these line ratio limits do not affect the classifi- 
cation of objects. Quiescent galaxies without detectable emission 
lines are also shown at the bottom. X-ray sources, which are found 
in all three categories, are marked as large symbols. Solid squares 
are bright sources with -L2-i0kcV > 10 42 erg s ; open squares are 
faint sources with L2— lOkeV < 10 42 erg s — 1 ; and crosses are X-ray 
sources with uncertain luminosity classes — they are usually unde- 
tected in the hard band. Only objects in the first category may be 
definitely classified as AGNs, though many in the second class will 
be AGNs. 
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Fig. 7. — Left: [O III] line flux versus 2-10 keV X-ray flux for unambiguous AGNs, which are X-ray sources that are classified as AGNs 
by emission line diagnostics. Type 1 AGNs are also shown here as solid magenta circles. The dashed line indicates the median ratio found 
by Heckman ct al. (2005) for Type 1 AGNs. The solid line indicates the median ratio in our Type 1 sample. Right: similar to the left 
panel but comparing luminosity rather than observed flux. 



large as the difference in an [O III]-selected sample. Ta- 
ble [2] compares the median and distribution widths for 
the various samples. 

4.2. X-ray-loud Composite Galaxies 

Thirty X-ray sources have [O III] /H/3 ratios and 
U — B colors that place them in the star-forming area 
of the emission-line diagnostic diagram. X-rays can be 
produced in star-forming galaxies by high-mass X-ray 
binaries, low-mass X-ray binaries, supernova remnants, 
and hot inters tellar medium heated by supernova 
(|Fabbianol 119890 in addition to possible AGNs. Many 
authors have shown that in starburst galaxies without an 
AGN, the total X-ray luminosity cor r elates with the star 
formation rate dNandra et all 12003; iBauer et al.l 120021: 
Ranalli et all 120031 : iGrimm et al.1 120031: IColbert et_al.l 

Hornsch emeier et al.l 2005; 
Persic & Rcphacli 2007: 



2004 . IPersic et al.l 

Georgakakis ct al. 

Rovilos et al.l 12009). Thus the expected X-ray flux from 



the sources related to SF can be predicted if the SFR 
is known. We used the iRanalli et al.l (|2003|) calibration 
to estimate the expected X-ray luminosity from sources 
related to star formation. 

Figure [8] compares observed X-ray luminosities 
with star formation rates computed from H/3. 
iMoustakas et al.l (|2006l ) provide an empirical cali- 
bration to derive SFR from the observed H/3 strength. 
The calibration coefficients depend on the rest-frame 
.B-band absolute magnitudes (Mb) of the galaxies. 
We linear ly interpolated betwee n the points given in 
Table 1 of IMoustakas et all (|2006f ). This is equivalent to 
applying an avera ge extinction c orrect ion in bins of Mb ■ 
As shown by Moustak as et al.l (|2006l ). when lacking a 
reliable extinction measurement from Ha/H/3 ratio, this 
empirical H/3 calibration can achieve a SFR estimate 
good to ±40% (la). 



Most of the X-ray-loud composite galaxies have X-ray 
luminosities much higher than star formation can ac- 
count for in both the soft and hard bands. The excess is 
more than two orders of magnitude in the extreme cases. 
A large fraction of the X-ray luminosity in these objects 
must come from a central AGN. These galaxies therefore 
appear to be undergoing both star formation and nuclear 
activity. Since AGN will also contribute to the total H/3 
luminosity, the SFR could be overestimated, which leads 
to an underestimate of the AGN component. 

Further evidence for the coexistence of SF and 
a central AGN comes from the distribution of the 
Lnp/Lx(2-10 keV) ratio as a function of the observed 
X-ray hardness ratio (HR), plotted in Figured] X-ray- 
loud composite galaxies have Lnp/Lx(2-10 keV) ratios 
higher than typical AGNs but lower than pure s tar- 
forming galaxies. Based on the IRanalli et al.l (2003) re- 
lation between Lx(2-10 keV) and SFR, and iKennicuttl 
(1998) 's relation between i{j a and SFR, assuming case 
B Balmer decrement Ha/H/3 = 2.85, typical star-forming 
galaxies should have Lh^/£x(2-10 keV) greater than 
1 (assuming Ay < 2). Unambiguous and Type 1 
AGNs have an Lnp/Lx (2-10 keV) lower by two or- 
ders of magnitude, around 10~ 2 . However, most X- 
ray-loud composite galaxies have intermediate ratios in 
L-H.p/Lx(2—10 keV). The simplest explanation is that 
they are composite objects having both star formation 
and active nuclei. Most of their H/3 emission originates 
from star-forming H II regions, while most X-ray emis- 
sion originates from matter around the SMBH. For ex- 
ample, assuming the intrinsic -Lh^/^x (2-10 keV) ratio 
for AGNs is 10~ 2 and for pure star-forming galaxies is 
10, a galaxy with log L^p/Lx (2-10 keV) = — 1, in the 
absence of extinction, 90% of the H/3 emission comes 
from star-forming H II regions, and 10% comes from the 
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Fig. 8. — SFR derived from H/3 versus the X-ray luminosity for our X-ray- loud composite galaxies — i.e., X-ray sources that appear as 
star- forming galaxies in emission- line diagnostics. The left panel is for t he soft band ( 0.5— 2k eV), and the right panel is for the hard band 
(2-10 keV). The solid lines indicate the SFR-L^ relation calibrated bv lRanalli et al.l (120031 ") . Median uncertainty in log(SFR) is 0.20 dex 
and is dominated by the scatter in the level of extinction among galaxies. 



narrow-line region around an AGN. In contrast, 1% of 
the hard X-ray emission comes from X-ray binaries and 
supernova remnants, and 99% comes from the AGN. If 
extinction on H/3 is present at the same level for both 
the star-forming and nuclear regions, the resulting pro- 
portions do not change. Figure [§] shows a relatively clean 
separation between unambiguous AGNs and X-ray-loud 
composite galaxies in the L(R/3)/Lx versus hardness ra- 
tio diagram. This supports the hypothesis that our clas- 
sification scheme is separating objects with different na- 
tures. 

NGC 6221 provides a loc al example of a composite 
object (|Levenson et al.l [20011) with the X-ray flux domi- 
nated by the nucleus and the visib le spectrum dominated 
by the surrounding starburst. As iLevenson et all (2001) 
showed, besides X-ray, one can detect the AGN compo- 
nent in NGC 6221 by the additional broad component of 
the [O III] line in a high S/N nuclear spectrum or with 
high resolution optical or NIR imaging. Our objects are 
much more luminous than such local examples but oth- 
erwise have similar characteristics. 

Because the H/3 emission in X-ray-loud composite 
galaxies is dominated by star-forming H II regions, the 
SFR derived from it are not too far off: they could be 
overestimated by ~ 10%. As shown in Figure [FJ the in- 
ferred star formation rates in these galaxies range from a 
couple to tens of M Q yr _1 with a median o f 10 M Pt yr" 1 , 
typic al of z ~ 1 star-forming galaxies ([Noeske et al.l 
|2007|) and similar to the range o f SFR found among X - 
ray selected AGNs at z ~ 0.8 (|Silverman et al.l 120091 ) . 
The extinction correction applied is only correct on av- 
erage but not accurate for each individual galaxy. We 
therefore advise against overinterpreting individual SFR 
values before better extinction estimates are made. 

An alternative explanation for the X-ray-loud compos- 
ite galaxies might be that these objects are pure AGNs 



without star formation, but the X-ray luminosity is heav- 
ily absorbed by a large column density of gas. This 
cannot be the case for two reasons. First, it conflicts 
with the optical classification. Second, this possibility 
is not supported by the X-ray hardness ratio as shown 
in Fig. O The hardness ratio is a very rough indicator 
of the X-ray spectral shape, which relates to the level 
of absorption. An unabsorbcd X-ray spectrum has a 
low hardness ratio (~ —0.5). Because the opacity is 
larger for less energetic photons, more absorption gen- 
erally leads to a harder spectrum and a larger hardness 
ratio. Thou gh this correlation is loose and is dependent 
on redshift ([Trouille et al.l [2009), nonetheless, as shown 
in Fig. [9] nearly all of our composite galaxies have low 
hardness ratios, consistent with being unabsorbed. 

The lower panel of Figure [9] shows 
L(Rp)/L x (0.5-2 keV) vs. the hardness ratio. The 
X-ray-loud composite galaxies still mainly populate 
a region different from unambiguous AGNs, but the 
separation between the two classes is not as clean as 
for the hard band. This is because extinction in the 
soft band decreases Lx (0.5-2 keV) as hardness ratio 
increases, and the overall distribution of points shows 
an overall counterclockwise rotation. 

Figure O shows a few X-ray-loud composite galaxies 
outside their normal region on the plot. At least some of 
them are likely to be composites of two separate objects 
rather than a single composite galaxy. This is estab- 
lished for one case, DEEP2 object 12016714, 5 which has 
H/3/Lx(2-10 keV) even lower than the typical value for 
unambiguous AGNs. HST/ ACS imaging reveals that the 
single object in the DEEP2 CFH12K catalog is in fact 
two galaxies separated by l'/5. The bluer one is brighter 
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Fig. 9. — Upper: Lup/Lx versus hardness ratio for Type 1 AGNs 
(magenta circles), unambiguous Type 2 AGNs (black crosses), and 
X-ray-loud composite galaxies (blue triangles). The two horizon- 
tal dashed lines mark the expected L(H/3)/Lx ratios from star- 
forming galaxies with zero or 2 mag of extinction. The dotted lines 
indicate a rough demarcation for the boundary between the region 
occupied by X-ray-loud composite galaxies and typical AGNs. Here 
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has not been corrected for extinction. The figure shows all 



Type 1 AGNs and all unambiguous Type 2 AGNs that are detected 
in either 2-10 keV band (p < 0.01) or H/3. For objects detected 
in one of these measures, 2—10 keV or H/3 but not both, the cor- 
responding upper or lower limits in the ratio are indicated by the 
downward or upward arrows, respectively. Lower: same as upper 
but for the soft band (0.5-2 keV). 



in R and thus was targeted by DEEP2. However, the X- 
ray point source is centered on the other, redder, galaxy. 
In total, 14 of our 30 X-ray-loud compo site galaxies were 
imaged by EST I ACS (jLotz et al.ll2008l ) . From visual in- 
spection, two others (DEEP2 12004519, 13049115) out 
of the 14 are actually close pairs whose components were 
not separable in the ground-based images, and we cannot 
tell which component contributed either the spectrum or 
the X-ray flux. Based on these very rough statistics, we 
expect 20% of all X-ray-loud composite galaxies in our 
sample could be unrelated objects that cannot be sepa- 
rated by the limited resolution (O'.'6-l" FWHM) of the 
ground-based images used for photometry. 
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Fig. 10. — [O III] line flux (2<r upper limit for non-detections) 
vs. X-ray flux at 2-10keV for XBONGs (red squares), Type 1 
AGNs (magenta circles), and Unambiguous Type 2 AGNs (black 
crosses). Only sources that are detected (p < 0.01) in the hard 
band are included in thi s plot. The das h ed lin e indicates the me- 
dian flux ratio found bv lHeckman et all 120051) for Type 1 AGNs, 
and the solid line indicates the median flux ratio for our Type 1 
AGN sample. Those XBONGs with DEEP2 spectra are plotted as 
solid squares. XBONGs follow the same [O III]— X-ray relation as 
other emission-line AGNs. They do not appear to be a physically 
distinct population. 



4.3. Nature of XBONGs 

XBONGs are X-ray sources found in quiescent galax- 
ies for which both [O III] and H/3 are undetected (< Id). 
First, we need to confirm the origin of the X-ray emis- 
sion. Besides AGNs, X-ray binaries and hot gas in nor- 
mal galaxies can also produce X-ray emission. Most of 
the galaxies in this category are red galaxies with early - 
type morphology. As shown by iFabbiano et al.l (|1992l ) 
and iHornschemeier et al.l (|2005l) . the X-ray luminosity 
in early types has contributions from both X-ray bi- 
naries and hot gas, whose total luminosity correlates 
with the stellar mass (log Lx oc 1.8 log Ms). We con - 
verted the relation given by IHornschemeier et al.l (2005) 
to our bands assuming a thermal Bremsstrahlung spec- 
trum with T = IkeV and estimated the expected lu- 
minosities for our sources. Only 3 out of the 32 X- 
ray sources among quiescent galaxies are both consistent 
with this origin in hardness ratio and have luminosities 
(in both soft and hard b ands) within a factor of 3 of 
the IHornschemeier et al.l (|2005l ) relation. These objects 
could possibly be normal galaxies without active nuclei. 
Therefore, we conclude that 29 out of the 32 sources in 
this category appear to have their X-ray emission domi- 
n ated by an AGN. 

lYuan fc Naravanl (|2004h argued that XBONGs are 
powered by a radiatively inefficient accretion flow result- 
ing in the lack of emission-line regions and UV/optical 

i][2£ 



bump. Others (jMoran et al J 120021 : iTrump et al.l l2009bl ) 

have suggested that the narrow line emiss ion in these 
objects is diluted by the host galaxy, while iRigbv et all 
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(2006) argued that heavy extinction in the host galaxy 
is responsible for the lack of optical emission lines. How- 
ever, none of these analyses has tried to evaluate how 
much narrow-line emission is expected given the observed 
X-ray flux and whether the non-detections are beyond 
expectations. For our sample of XBONGs, we compare 
their emission line upper limits with their X-ray lumi- 
nosity to address this problem. 

Here, we only use the term XBONG to refer to galax- 
ies without any detectable line emission in the DEEP2 
or H ectospec spectra. Previous literature on XBONGs 
(e.g. iRigbvet al"1l2006| ) has included X-ray AGNs that 
are optically classified as star-forming galaxies. As dis- 
cussed above, these galaxies do appear to host weak 
AGNs which are drowned out by the line emission from 
star-forming HII regions. Because the majority of star- 
forming galaxies are spiral disk galaxies, they will show 
a wide range of axis ratios. The inclusion of these X- 
ra y-loud comp o sites in the "optically dull" AGN sample 
of iRigbv et al.l (|2006| ) can explain the wide range of axis 
ratios they found, which were incorrectly used to argue 
for host extinction effect. 

In our analysis, we only focus on those sources with- 
out any emission lines, which are sometimes referred 
to as absorption-dominated, quiescent, or passive galax- 
ies. 6 of our 29 AGN-dominated XBONGs actually have 
[O II] A3727 significantly (>2<r) detected. For consis- 
tency, we still count them as XBONGs as if [O II] were 
not covered in the spectra. These objects would likely 
be classified as LINERs in a standar d BPT d iagram as 
they have very high [O II] /E/3 ratios (|Yan et al.ll2006l) . 

Figure [TOl shows the [O III] flux upper limits vs. hard- 
X-ray flux distribution for XBONGs in our sample along 
with more typical AGNs. The [O III]-to-X-ray ratios of 
the XBONGs are consistent with other AGNs. Their 
[O III] upper limits are not low enough to indicate that 
they are significantly weaker in their narrow-line emission 
relative to their X-ray emission, and they could simply 
be the tail of the distribution in [O III]-to-X-ray ratio. In 
fact, many of our XBONGs show weak [O III] emission 
that is just slightly short of the 2er detection threshold. 
The median significance of the [O III] EW measurement 
(EW divided by its uncertainty) among XBONGs is 1.2; 
60% are more than la significant. 

The XBONGs in our sample have much lower X-ray 
fluxes than the typical XBONGs discussed in the lit- 
erature. All our sources have hard X-ray flux lower 
than 6.7 x 10 _15 erg s" 1 cm~ 2 , a facto r of four lower 
than t he prototype XBONG discussed bv lComastri et all 
(2002), which has an X-ray flux of F 2 _i k e v = 2.5 x 
10~ 14 erg s _1 cm~ 2 . A simple explanation for this is that 
DEEP2 spectra, with their higher than typical spectral 
resolution and signal-to-noise, are able to probe signif- 
icantly deeper on [O III] flux amid the stellar light and 
thus reveal optical AGN signatures for much fainter ob- 
jects than before. The sample shown here includes both 
spectra from the DEEP2 survey and spectra taken in 
the MMT/Hectospec follow-up program. The latter data 
have lower spectral resolution. If limited to DEEP2- 
only sources (solid squares in Fig. lTOl) . the XBONGs are 
even fainter: i.e., objects which would be classified as 
XBONGs in the Hectospec data yield significant detec- 
tions if observed by DEIMOS. 

Therefore, before we consider any complicated pos- 



sibilities to explain XBONGs, we should evaluate the 
simplest explanation for the non-detection of [O III] in 
these AGNs: given the observed X-ray flux, the ex- 
pected [O III] line strength assuming typical AGN flux 
ratios is simply beyond our detection capability. Our 
measurements of [O III] upper limits are consistent with 
this explanation. The [O III]-to-X-ray flux ratios for our 
XBONGs are consistent with those of other narrow-line 
AGNs and Type 1 AGNs. They are simply near the tail 
of the [O III] flux distribution at the corresponding X-ray 
flux. We do not need to invoke higher than usual host 
galaxy extinction to explain them, nor any other physical 
mechanism to suppress the narrow-line strength. If these 
galaxies have the same [O III]-to-X-ray ratio as Type 1 
AGNs, the emission lines would not have been easily de- 
tectable in our spectra. Therefore, we see no reason to 
postulate that they are a different type of object, given 
the current observations. 

If dilution were the main cause for emission lines in 
these galaxies to be undetected, we would expect that 
XBONGs should have a brighter rest-frame magnitude 
in bands bracketing [O III] than those X-ray sources with 
similar hard-X-ray luminosities. We investigate this by 
comparing a sample of our XBONGs with a sample of 
unambiguous AGNs matched in hard- X-ray luminosity. 
We limit both samples to objects with hard- X-ray (2-10 
keV) luminosity between 10 41 ' 8 erg s _1 and 10 428 erg s _1 . 
We can then compare their absolute magnitudes in the 
continuum bands bracketing [O III], which we used to 
derive the [O III] luminosity in §2.31 It turns out that 
the two samples have indistinguishable distributions in 
this magnitude. The median [O III] sideband magnitudes 
(AB) for the two samples are also very similar: —20.8 
for the XBONGs and -20.9 for the unambiguous AGNs. 
There is no systematic difference between the two sam- 
ples. In only one object — the XBONG with the high- 
est [O III] flux upper limit — is the host galaxy so bright 
(M = —23.25) that it is conceivable that dilution could 
be responsible for the non-detection. In most cases, dilu- 
tion by the host galaxy is not stronger in XBONGs than 
in other AGN hosts. 

If extinction in the host galaxies was the main cause 
for the emission lines to be undetected, these galaxies 
would be significantly redder than other AGN hosts and 
have smaller axis ratios (b/a). We checked this using the 
above luminosity-matched comparison sample. The me- 
dian U - B color is 1.14 for the XBONGs and 1.07 for 
the luminosity-matched unambiguous AGN sample. A 
Kolmogorov-Smirnov test on the two distributions indi- 
cates that the probability of obtaining the observed dif- 
ference, given the null hypothesis that the two samples 
are drawn from the same parent distribution, is 37%, 
meaning the difference is not statistically significant. To 
produce such a difference by extinction only requires an 
Ay of 0.33 magnitude (assuming Ry ~ 3.1), which will 
only dim the [O III] emission lines by 30% or 0.15 dex. 
Therefore, extinction cannot be the primary reason for 
the nondetection of emission lines. Additionally, 11 out 
of the 29 AGN-dominated XBONGs were imaged with 
HST/ ACS. The smallest axis ratio found among them is 
0.37 in the F81AW band. Their axis ratio distribution is 
indistinguishable from that of the unambiguous Type 2 
AGNs, as shown in Fig. QT] 

The fraction of XBONGs in our sample at 0.3 < z < 
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Fig. 11. — Axis ratio distributions for unambiguous AGNs (solid 
histogram) and XBONGs (dashed histogram). Only sources im- 
aged with HST/ ACS are included. The two distributions arc indis- 
tinguishable statistically, suggesting that extinction by host galax- 
ies is not the primary cause for the nondctcction of emission lines 
in XBONGs. 
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Fig. 12.— Top: the distribution of the 2-10 keV flux for all 
XBONGs (dashed line histogram) detected (p < 0.01) in the hard 
X-ray band compared to the flux distribution for all hard- X-ray- 
detected sources (solid line histogram). Bottom: the fraction of 
XBONGs as a function of hard X-ray flux. The fraction decreases 
with increasing flux, which suggests that the non-detections are 
due to the faint X-ray flux of the AGNs. 



0.8 is smaller than previously report ed in the literature 
in the same redshift range (~ 30% in lTrump et al.ll2009al 
if limited to 0.3 < z < 0.8) and depends strongly on 
X-ray flux. Among all 146 spectroscopically identified 
X-ray sources that have both [O III] and H/3 well cov- 
ered in the spectra, we have 32 XBONGs, 29 of which 
are definitely AGNs. This is 19.9% ± 3.3%. If we limit 
to DEEP2 spectra only, which have better quality, the 
fraction is slightly lower, 14.7% ± 3.5% (15 out of 102 
sources). Figure [T2l shows the fraction of XBONGs as 
a function of hard X-ray flux, among sources that have 
a measurable hard X-ray flux. The fraction decreases 
strongly toward higher X-ray flux. This is consistent 
with the simple explanation above that XBONGs are 
purely the result of observational limitations rather than 
comprising a physically distinct class of AGNs. 

We thus find no evidence suggesting that those X-ray 
sources with no detected emission-lines must be a sepa- 
rate population from other emission-line AGNs; neither 
greater dilution nor higher than usual host galaxy extinc- 
tion appears consistent with our observations. To rule 
out the null hypothesis that they are the same as other 
emission-line AGNs, we need to obtain much higher qual- 
ity spectra. Until the time we detect their emission lines 
and find their emission-line-to-X-ray ratio is distinctively 
lower than other AGNs, or until we push the emission- 
line upper limits to a correspondingly low level, there is 
no reason to classify them separately. Collecting high- 
quality spectroscopic data is the best way forward. 

4.4. Incompleteness of the Optical AGN Selection 

The combination of the three classes of objects dis- 
cussed above comprises the whole sample of objects that 
are detected in ~ 200 ks Chandra exposures, spectro- 
scopically identified, brighter than Jab of 22, and have 
redshifts between 0.3 < z < 0.8. Most of these ob- 
jects, regardless of their X-ray luminosity, host an AGN. 
When classified with optical emission-line diagnostics, 
they fall into three classes: emission-line AGNs, star- 
forming galaxies, and quiescent galaxies. This reveals the 
weakness of optical classification when compared with X- 
ray selection. Optical AGN selection not only selects on 
the bolometric luminosity of the AGN, it also selects on 
other properties of the host galaxy, primarily star forma- 
tion rate. In the absence of extinction affecting emission 
lines and absorption of X-rays, a narrow-line AGN with 
a 2-10 keV luminosity of 1.7 x 10 42 erg s _1 can be eas- 
ily drowned out in emission line luminosity by an SFR 
of IOMq yr _1 , a case in which 97% of the H/3 emission 
comes from star-forming HII regions, but 97% of the hard 
X-ray flux comes from the AGN. 

Most XBONGs should not be counted toward the in- 
completeness of the optical AGN selection, because the 
intrinsic bolometric luminosity of these AGNs is simply 
beyond the detection limit of the optical selection. How- 
ever, the emission line detection limit in the optical spec- 
tra is not simple to estimate. The detectability depends 
on many factors: the line flux, the stellar continuum flux, 
the sky background flux, and the complexity of the stellar 
continuum modeling. It also depends on many parame- 
ters of the observations, such as the exposure time and 
the seeing at the time of observation, which could vary 
even in the same survey. 

Optical selection is also sensitive to extinction, which 
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we have not discussed in detail. For AGN narrow- 
line regions, it is usually not a severe concern except 
in edge-on disk galaxies. The median extinction on 
[O III] among typical Type- 2 Seyferts is arou nd 1.0 mag 
(jLaMassa etaLl 120091 : iDiamond-Stanic et al J 120091 ) . Ex- 
tinction can be corrected for when attenuation measure- 
ments are available, or one can exclude edge-on disk 
galaxies from the analysis. 

Perhaps the most fundamental weakness of optical di- 
agnostics is its dependence on high quality spectra, which 
becomes increasingly expensive to obtain for fainter 
galaxies. Many X-ray sources have very faint optical 
counterparts or no counterparts. In our investigation, 
we only considered objects with Jab < 22 for complete- 
ness and signal-to-noise reasons. In fact, based on photo- 
metric redshifts ob tained from the CFHT Legacy Survey 
(jllbert et al.ll2006[ ). about 40% of X-ray sources with an 
optical counterpart in CFHTLS and with 0.3 < z p hot < 
0.8 have Jab > 22. Compared to our sample, most of 
them are probably less massive galaxies, which have less 
massive black holes. The AGN demographics of these 
sources could also be different. We leave this for future 
investigations. 

4.5. Optical- only AGNs and the Incompleteness of the 
X-ray selection 

Of the objects which are identified as AGNs from 
their emission line ratios but lacking X-ray detections, 
all but one are Type 2 AGNs. Figure [13] plots the 
upper limits for the 2-10 keV flux and luminosity for 
these sources along with the unambiguous AGNs. Most 
of the optical-only AG Ns lie to the upper left of the 
iHeckman et al.l (|2005j ) relation, i.e., they have much 
lower Lx(2-1Q keV)/L fo m ratios. T his is consistent 
with the conclusions of IHeckman et al.l (|2005h based on 
local AGN samples: optically selected samples have 
much lower median Lx(2— 10 keV)/Lr nil ra tio than X- 
ray selected samples and have broader distributions in 
flux ratio. This indicates that optically selected sam- 
ples include more heavily absorbed sources and possi- 
bly Compton-thick sources, which are missed by X-ray- 
selection techniques. Therefore, an AGN sample se- 
lected based on a hard- X-ray luminosity threshold in 
2-10 keV will not be a complete bolometric-luminosity- 
limitcd sample due to cases of heavy absorption and 
Compton-scattering of X-ray photons. 

Another potential explanation for the high [O III]-to- 
X-ray ratio of these objects is that they have star forma- 
tion contributing significantly to the [O III] flux but not 
the X-ray. This cannot be the case for two reasons. First, 
these galaxies are classified as AGNs according to their 
emission-line ratios indicating that their [O III] flux must 
be dominated by an AGN. Second, star formation would 
make these galaxies appear bluer than other AGNs. The 
U — B color distribution for optical-only AGNs is statis- 
tically indistinguishable from that of the unambiguous 
Type 2 AGNs. Therefore, the high [O III]-to-X-ray ratios 
of optical-only AGNs cannot be due to contamination by 
star formation. 

One might worry that these optical-only AGNs are 
dusty star-forming galaxies. For most of them, this 
cannot be the case. The stellar mass distribution of 
these optical-only AGNs is statistically indistinguishable 



from those AGNs detected in the X-ray (the unambigu- 
ous AGNs). On the other hand, they are much more 
massive than those star-forming galaxies with the same 
[O III]/H/3 ratios. The latter has a median stellar mass 
of 10 Mq, which is only one-tenth of the median mass 
of optical-only AGNs, 1Q 11 ^Mq. The difference is much 
larger than their respective standard deviations, a factor 
of 2.8 for the star-forming galaxies and a factor of 2.3 
for the optical-only AGNs. The two drastically different 
stellar mass distributions demonstrate that the major- 
ity of optical-only AGNs cannot be dusty star-forming 
galaxies. 

Some may also argue that our emission-line selection 
includes both Seyferts and LINERs (Low-ionization nu- 
clear emission-line regions), and some fraction of LIN- 
ERs could be po wered by processes unrelated to accre - 
tion onto SMBHs (iBinette et al.lll994l: iSarzi et £tl.|[20Toh . 
The recent study bv lSarzi et alj ()2010P using data from 
the SAURON survey showed that ionization processes 
other than AGN photoionization can contribute up to 
2 A of [O III] EW with LINER-like [O III]/H/3 ratios in 
integrated spectra taken with an SDSS fiber aperture. 
Many (35%, 101 out of 291) of our emission-line-selected 
AGNs have [O III]/H/3 (or lower limits) greate r than 3, 
satisfying the traditional definition for Seyferts (|Ho et al.l 
1997). 35% (67 out of 190) of the remaining objects in 
our emission-line AGN sample, which we call LINERs, 
have [O III] EWs greater than 3 A, thus definitely hav- 
ing substantial AGN contribution. In fact, 13% of those 
LINERs with [O III] EW less than 3A in our sample are 
also detected at X-ray wavelengths, suggesting many of 
them are indeed AGNs, rather than powered by shocks 
or old stellar populations. 

To evaluate what fraction of genuine AGNs are not 
detected in the hard X-ray due to the absorption of the 
X-ray emission, we need to take into account the variable 
sensitivity limit across each Chandra pointing. Thus, we 
first estimate how many of the optically selected AGNs 
would be detectable in the observed 2-7 keV band if they 
were not absorbed, and then compare this with the ac- 
tual number of 2-7 keV detections. We limit this cal- 
culation to the DEEP2 optical- AGN sample because the 
Hectospec observation gave priorities to X-ray sources in 
target selection. We also exclude weak LINER sources 
with [O III]/H/3 < 3 and EW([0 III]) < 3A to limit con- 
tamination from sources not photoionized by an AGN. 
This is a very conservative AGN sample. Including both 
Type 1 and Type 2 optical AGNs, we have a sample of 
140 objects. Our results do not change at all if we strictly 
limit to only Seyferts, i.e., excluding all the LINERs re- 
gardless of [O III] EW. 

Assuming the observed [O III] fluxes reflect the intrin- 
sic luminosities of the AGNs, we estimated the unab- 
sorbed hard- X-ray fluxes for all optical AGNs using the 
median hard-X-ray-to-[0 III] ratio of Type 1 AGNs in 
our sample, which is 1.83 dex. Given the X-ray ex- 
posure map, the background map, and the redshift of 
each source, assuming an unabsorbed power-law spec- 
trum with a photon index of T = 1.9, we converted the 
flux of each source to the expected source counts in the 
2-7 keV band. We then calculated, for each source, the 
probability of observing enough counts to qualify it as an 
X-ray detection in the hard band, given the background 
counts at the position. The sum of these probabilities 
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Fig. 13. — Left: [O III] line flux vs. X-ray flux in 2-10 keV for Type 1 AGNs (magenta circles), unambiguous Type 2 AGNs (black crosses), 
and optical-only AGNs (small blue dots); the combination of these subsamples forms the optically selected AGN population. Optical-only 
AGNs are undetect ed in the hard X - ray, th us their upper limits are shown without arrows for clarity. The dashed line indicates the median 
flux ratio found by Hcckman ct al. (2005) for Type 1 AGNs. The solid line indicates the median flux ratio for our Type 1 sample. As 
seen here, Type 2 AGNs have a broader distribution in [O III] /X-ray ratio and mostly have lower hard- X-ray-to- [O III] ratios than Type 
1 AGNs. Right: Similar to the left panel but comparing luminosity rather than flux. 
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Fig. 14. — Top: the solid histogram shows, in each [O III] lu- 
minosity bin, the sum of the 2-7 keV band detection probabilities 
of all optically selected AGNs (including Type Is) assuming their 
X-rays were not absorbed. Only DEEP2 objects are included. LIN- 
ERs (objects satisfying the AGN cuts shown in Fig. [6] and having 
[O IIJJ/H/3 < 3) with [O III] EW less than 3A arc excluded to 
limit contaminations. The dashed histogram shows the number of 
actual 2-7 keV detections (P2-7 keV < 4 x 10~ 6 ) in each [O III] 
luminosity bin. Bottom: fraction of 2-7 keV detections among 
optically-selected AGNs as a function of [O III] luminosity. 



is the total number of detectable AGNs if their X-rays 
were not absorbed at all. Dividing the number of actual 
hard- X-ray detections by the sum of the probabilities 
yields the X-ray detection fraction, i.e., the fraction of 
actual detections out of all potentially X-ray detectable 
AGNs if the X-rays were not absorbed. For the 140 ob- 
jects in the sample defined above, the sum of their hard 
band detection probabilities is 128.31. In reality, only 
37 sources (29%) are detected in the hard band. If we 
limit to Seyferts only ([O III]/H/3 > 3), the fraction is the 
same: out of 91 Seyferts in our sample, the sum of their 
potential 2-7 keV detection probability is 88.42; while 
only 26 sources (29%) are actually detected. 

The X-ray detection fraction in bins of [O III] lumi- 
nosity is plotted in Figure [14] The fraction of hard X- 
ray detection among all potentially-detectable AGNs de- 
creases toward lower [O III] luminosity. At the bright 
end, ~ 50% of all AGNs are detected in the 2-7 keV 
band, which includes unabsorbed and moderately ab- 
sorbed AGNs. At the faint end, the detection rate rolls 
off because more and more moderately absorbed AGNs 
fall below the detection threshold. 

This demonstrates the weakness of X-ray selection rel- 
ative to optical selection. Depending on the survey 
depth, X-ray selection can miss a substantial population 
of AGNs due to absorption and, in some cases, Comp- 
ton scattering of X-rays by clouds exterior to the ac- 
cretion disk but interior to the narrow-line region. At 
Lr Q ijji > 10 405 erg s _1 , the overall hard X-ray detection 
fraction is 29.5% ± 4.1 %. Assuming an [QU I] bolomet- 
ric correction of 3500 {Hcckman ct al. 20Q3) , this corre- 
sponds to Lboi > 1.1 x 10 44 erg s _1 or intrinsic, unab- 
sorbed Lx(2-10 keV) > 2.1 x 10 42 erg s" 1 if the me- 
dian flux ratio of Type 1 AGNs is applied. Above this 
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threshold in intrinsic luminosity, 70% of all potentially 
detectable AGNs would not be detected (at p < 4x 10~ 6 ) 
in the 2-7 keV band in 200 ks Chandra images due to 
X-ray absorption and/or scattering. 

4.6. Column density distribution at high-z 

Using our emission-line selected AGN sample, we can 
evaluate whether the absorbing column density distribu- 
tion among high-z AGNs is different from that in the 
local universe. Following most local stu dies, we focus 
on Se yfert 2 galaxies only. As shown by iBassani et al.1 
(1999), the column density corresponds closely to the 
HX/[0 III] ratio. By applying the observed hard-X-ray- 
to-[0 III]-ratio distribution of a local sample of Seyfert 
2s to our high-z sample, we can simulate the expected 
detection fraction of high-z Seyferts if the column den- 
sity distribution among Seyfert 2s does not evolve with 
redshift. 

For the local Seyfert 2 sample, we employed th e [O 111] - 
selected sample collected by iHeckman et al.l |2005). 
They provide the observed HX/[0 III] ratios without any 
correction for extinction of [O III] or absorption of X-ray, 
which is ideal for our purpose. There are 32 Seyfert 2s 
in this sample, 29 of which have 2-10 keV X-ray data 
available. We combined ratios randomly drawn from this 
local sample with the observed [O III] fluxes of our high-z 
Seyfert 2s to predict their rest-frame 2-10 keV luminosi- 
ties. With inverse if-correction and conversion from flux 
to counts (both assuming T = 1.9), we predicted the 
observed 2-7 keV counts distribution and the total de- 
tection fraction. The effect of T in inverse if-correction 
and the fiux-to-counts conversion largely cancel out. As- 
suming the unabsorbed spectral index will lead to a slight 
underestimate 6 of the observed counts and a lower limit 
on the detection fraction. With 5000 simulations, we find 
the expected 2-7 keV detection {p < 4 x 10 ~ 6 ) fraction 
has a mean of 39% and a dispersion of 5%. In reality, only 
25% ± 5% of our Seyfert 2s are detected in the 2-7 keV 
band, which is 2a smaller than expected if the column 
density distribution does not evolve with redshift. This 
suggests that an average Seyfert 2 galaxy between red- 
shift 0.3 and 0.8 has at least the same, or marginally 
higher, column density than the average local Seyfert 2 
galaxy. 

We also ran simulations with different detection thresh- 
olds to see whether the increased detection fraction of 
Seyferts will lead to different conclusions. The results 
are listed in Table. [3) For the two more relaxed detec- 
tion thresholds, the differences between the actual de- 
tection fraction and the expected detection fraction are 
smaller and less significant (~ 1.3<r). Therefore, we con- 
servatively conclude that, at the current statistical signif- 
icance, the column density distribution among Seyferts 
at higher-z is similar to that in the local universe, 
which suggests the fraction of Compton-thick AGNs 
are also similar to that in the local universe (~ 50%; 
IBassani et al.lll999URisaliti et al.lll999l ). 

5. SUMMARY AND CONCLUSIONS 

This paper has developed a new AGN/SF diagnostic 
diagram using [O III]/H/3 ratio and the rest-frame U — B 

6 If true r = 0, we will underestimate the observed counts at 
z = 0.6 by 18%. 



TABLE 3 

Comparison between actual X-ray detection fraction of 

Seyfert 2s and simulations 



Detection Threshold Detection Fraction Simulated Fraction 



p < 4 X 1CT 
p < 1 X 10" 
p < 1 xlO- 



25% ± 5% 
37% ± 5% 
43% ± 5% 



39% ± 5% 

46% ± 5% 
52% ± 5% 



color (in AB system) of the host galaxy. It can be applied 
to higher redshifts than more traditional line ratio diag- 
nostics as it does not require the use of the [Nil] /Ha 
ratio. Using both galaxies at z ~ 0.1 from the SDSS 
and galaxies at 0.2 < z < 0.4 from the DEEP2 survey, 
we have demonstrated that this diagnostic technique is 
highly effective for galaxies above the Kewley curve in 
the traditional BPT diagram; but less effective for galax- 
ies inbetween the Kauffmann and Kewley demarcations. 
All diagrams share the same weaknesses, when compared 
with the X-ray selection. 

Applying the new diagram to higher redshifts in the 
AEGIS survey, we classified galaxies into AGNs, star- 
forming galaxies, and quiescent galaxies. Our sample 
was selected to have both [O III] and H/3 well covered in 
the spectra, which roughly corresponds to the redshift 
range 0.3 < z < 0.8. We selected only sources with 
Tab < 22 that have secure redshifts, resulting in 3150 
objects. Using this sample to compare the optical classi- 
fication to the X-ray data, we have reached the following 
conclusions. 

1. 57.5%±4.1% (84 out of 146) of X-ray sources in our 
sample are also emission-line AGNs according to 
optical selection techniques, including both Type 1 
and Type 2 objects; 19.2% ± 3.3% (28/146) of X- 
ray sources are classified as star-forming galaxies 
according to our emission-line classification, while 
21.9% ± 3.4% (32/146) are found to have neither 
[O III] nor H/3 detectable, corresponding to X-ray 
bright, optically normal galaxies (XBONGs). 

2. For those X-ray sources where the optical emission- 
line ratios indicate star formation, most have X- 
ray luminosities far exceeding the expectations for 
pure star-forming galaxies. The simplest explana- 
tion is that they have both an AGN and ongoing 
star formation. Because the H/3-to- X-ray ratio in 
pure star-forming galaxies is 3 orders of magnitude 
higher than the ratios found in pure AGNs, the 
emission lines in these galaxies are dominated by 
SF, and the X-ray emission is mainly powered by 
an AGN. 

Combining this emission-line-to-X-ray ratio with 
the hardness ratio allows us to exclude the possi- 
bility of heavily obscured AGNs and to disentangle 
the contributions from AGNs and star formation. 

3. In our sample, 21.9% of X-ray-detected galaxies 
are found to lack both [O III] and H/3 emission 
lines, which would cause them to be classified as 
XBONGs. All but 3 of them have X-ray luminosi- 
ties exceeding the expectations for normal early- 
type galaxies, indicating the presence of AGNs. 
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These sources have [O III] upper limits consistent 
with the expectation from the X-ray luminosity for 
typical AGNs, i.e., they are not distinctively lower 
in their [O III]-to-X-ray ratios. There is no reason 
to assume that XBONGs are a physically different 
population from other X-ray AGNs. Neither host 
galaxy dilution nor unusual extinction is primarily 
responsible for the non-detection of line emission 
in most of the XBONGs. 

4. Our new emission line ratio diagnostics identifies 
291 AGNs in our sample, of which 22% are also 
detected in the X-ray sample. Absorption of the 
X-rays by gas near the SMBH is necessary to ac- 
count for most of the non-detections. Taking into 
account the variable sensitivity across Chandra 
pointings, we estimated the X-ray detection frac- 
tion as a function of the observed [O III] luminosity. 
At Lboi > 10 44 erg s _1 , about 2/3 of the emission- 
line AGNs with 0.3 < z < 0.8 and J AB < 22 will 
not be detected in the 2-7 keV band in our ~ 200 ks 
Chandra images due to absorption and/or scatter- 
ing of the X-rays. 

5. If the column density distribution of Seyfert 2 
galaxies at high z were the same as in the local uni- 
verse, we would expect a slightly higher fraction of 
our Seyfert 2s to be detected in the 2-7 keV band 
than observed. This suggests that Seyfert 2 galax- 
ies at 0.3 < z < 0.8 have the same or marginally 
higher average column density than local Seyfert 
2s. Thus, we expect the Compton-thick fractions 
at both redshifts to be similar as well. 

Neither optical classification nor X-ray selection yields 
a complete AGN sample; in fact, both are far from that 
goal. In the X-ray, heavy absorption by gas in close 
proximity to the AGN can prevent the detection of a 
substantial population of AGNs. The optical selection is 
less affected by obscuring material as the narrow emis- 
sion lines arise from much larger scales. However, emis- 
sion lines can easily be drowned out by star formation. 
Additionally, the detection of line emission requires high 
quality spectra to subtract the host galaxy stellar light. 
The combination of the two methods gives a more com- 
plete sample. However, heavily X-ray-absorbed AGNs 
that reside in star-forming galaxies will still be missed. 
Infrared observations could be the solution to fi nding 
AGNs in these c ases (|Lacv et alj|2004t IStern et alj|2005t 
iPark et al.ll201t)h . 
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11044264 


214.33392 


52.34035 


0.4503 


20.40 


0.61 


-14.70 ±0.01 


-15.58 ±0.02 


0.89 


1 


AGN-2 




75 


cgs_0353 


11044654 


214.29948 


52.33668 


0.4334 


19.32 


0.73 


-15.14 ±0.03 


< -16.32 


> 1.17 


1 


AGN-2 




76 


cgs_0361 


11044672 


214.31410 


52.32079 


0.4174 


19.39 


1.15 


-16.04 ±0.10 


-16.45 ±0.19 


0.41 


2 


AGN-2 




77 




11044822 


214.24783 


52.31716 


0.4177 


20.46 


1.14 


-16.87: 


= 0.21 


< -16.96 


> 0.08 


1 


AGN-2 




78 




11045101 


214.22156 


52.34466 


0.5071 


20.52 


1.25 


-16.44 = 


= 0.09 


< -16.88 


> 0.43 


1 


AGN-2 




7!) 


egs_0333 


11045238 


214.25285 


52.32184 


0.4187 


19.79 


0.63 


-15.32 = 


= 0.03 


-15.85 ±0.06 


0.59 


2 


AGN-1 




80 




11045833 


214.10196 


52.35545 


0.4835 


20.97 


1.12 


-15.48 = 


= 0.03 


-16.61 ±0.14 


1.23 


1 


AGN-2 




81 




11045870 


214.17010 


52.33091 


0.3792 


20.47 


1.22 


-16.73 = 


= 0.20 


-16.88 ±0.20 


0.15 


1 


AGN-2 




82 


egs.0267 


11045881 


214.14430 


52.32461 


0.7042 


21.55 


0.91 


-16.32 = 


= 0.08 


< -16.75 


> 0.42 


1 


AGN-2 




83 




11045898 


214.15665 


52.30989 


0.4787 


20.56 


1.23 


-16.77 = 


= 0.21 


< -17.02 


> 0.25 


1 


AGN-2 
AGN-2 




84 




11046075 


214.04321 


52.33386 


0.8099 


21.86 


1.01 


-16.52 = 


= 0.14 


< -16.92 


> 0.41 


1 




85 


cgs_0223 


11046217 


214.06060 


52.32884 


0.6827 


21.23 


0.72 


< -16.22 


< -16.64 




2 


XBONG 




86 


cgs_0205 


11046398 


214.03516 


52.35761 


0.6156 


19.92 


0.99 


< -16.37 


< -16.39 




1 


XBONG 




87 


cgs_0218 


11046428 


214.05270 


52.35726 


0.3309 


19.97 


0.84 


-14.95 ±0.01 


-15.90 ±0.03 


l'.02 


1 


AGN-2 




88 




11046450 


214.08952 


52.34215 


0.5315 


21.06 


1.27 


-16.66 ±0.18 


< -16.90 


> 0.26 


1 


AGN-2 




89 


egs_0201 


11046507 


214.02075 


52.30777 


0.4516 


20.52 


0.31 


-14.82 ±0.01 


-15.33 ±0.01 


0.49 


2 


SF+AGN 




90 




11046512 


214.04793 


52.30590 


0.5102 


19.99 


1.23 


-16.48 ±0.14 


< -16.92 


> 0.44 


1 


AGN-2 




91 


egs_0139 


11047040 


213.94314 


52.35420 


0.4506 


19.71 


1.08 


< -16.34 


< -16.67 




2 


XBONG 




92 


cgs_0161 


11047085 


213.96347 


52.32336 


0.6209 


20.68 


1.06 


-14.89 ±0.01 


-15.98 ±0.04 


l'.io 


1 


AGN-2 




93 




11047626 


213.88997 


52.34827 


0.6476 


19.60 


0.99 


-15.76: 


= 0.03 


< -16.76 


> 1.02 


1 


AGN-2 




94 




11050860 


214.41101 


52.38120 


0.3852 


21.50 


0.98 


-16.02 = 


= 0.05 


-16.59 ±0.10 


0.56 


1 


AGN-2 




95 


cgs_0289 


11052008 


214.17773 


52.39020 


0.5148 


19.49 


1.19 


-16.24: 


= 0.19 


< -16.52 


> 0.26 


1 


AGN-2 




96 


cgs.0276 


11052013 


214.15884 


52.38577 


0.4170 


19.44 


1.20 


< -16.45 


< -16.52 




1 


XBONG 




97 


cgs_0295 


11052031 


214.18341 


52.37200 


0.5104 


19.64 


1.15 


-15.42 ±0.03 


-16.29 ±0.10 


0^86 


1 


AGN-2 




98 


cgs_0237 


11052379 


214.07619 


52.39520 


0.4822 


19.80 


0.90 


-16.37 ±0.14 


-15.86 ±0.03 


-0.50 


1 


SF+AGN 




.,•, 


egs_0232 


11052423 


214.07011 


52.36295 


0.4825 


19.35 


1.15 


-16.58 ±0.21 


-16.53 ±0.13 


-0.04 


1 


SF+AGN 


100 


cgs_0144 


11052713 


213.94736 


52.40224 


0.5233 


20.53 


0.84 


-16.20 ±0.11 


-16.08 ±0.05 


-0.14 


1 


SF+AGN 


a 


|n| 




11101177 


213.87749 


52.27689 


0.7031 


21.74 


1.09 


-15.55: 


= 0.03 


-16.55: 


= 0.17 


1.04 


1 


AGN-2 


o 


L02 




11101582 


213.94656 


52.23082 


0.7378 


20.51 


1.14 


-15.78 = 


= 0.10 


-15.96 = 


= 0.10 


0.17 


1 


AGN-2 


r^ 


L03 




12000755 


214.54271 


52.37595 


0.4171 


21.04 


1.01 


-14.90 = 


= 0.04 


-15.94 = 


= 0.09 


1.10 


2 


AGN-2 


P^ 


|u 




12003742 


214.44595 


52.41988 


0.7486 


21.37 


1.19 


-15.81 = 


= 0.04 


-16.71 = 


= 0.12 


0.87 


1 


AGN-2 




L05 




12003798 


214.45955 


52.44389 


0.5488 


20.88 


1.00 


-16.02: 


= 0.06 


-16.54 = 


= 0.11 


0.54 


1 


AGN-2 




106 


egs.0439 


12003821 


214.46260 


52.42623 


0.4315 


20.33 


1.07 


-16.59 ±0.13 


< -16.95 


> 0.37 


1 


AGN-2 




0' 




12004071 


214.34865 


52.41991 


0.4636 


20.41 


1.23 


-15.93 ±0.17 


< -16.50 


> 0.53 


2 


AGN-2 




L08 




12004106 


214.38005 


52.44333 


0.7436 


20.70 


1.26 


-16.58 ±0.20 


< -16.77 


> 0.20 


1 


AGN-2 




109 


egs.0351 


12004491 


214.29613 


52.42803 


0.4184 


19.28 


1.21 


< -16.32 


< -16.52 




2 


XBONG 




110 




12004496 


214.31384 


52.42586 


0.5314 


19.73 


1.32 


-16.35 : 


= 0.12 


< -16.80 


> 0.43 


1 


AGN-2 




111 




12004511 


214.27477 


52.41318 


0.5804 


20.56 


1.26 


-16.48 = 


= 0.14 


< -16.90 


> 0.43 


1 


AGN-2 




112 


cgs_0345 


12004519 


214.28688 


52.40828 


0.4510 


20.80 


0.52 


-15.08 = 


= 0.03 


-15.57 ±0.03 


0.50 


2 


SF+AGN 




113 




12005147 


214.06236 


52.42713 


0.3556 


19.31 


1.14 


-16.16 = 


= 0.15 


< -16.39 


> 0.21 


1 


AGN-2 




114 


egs.0194 


12005349 


214.00380 


52.40665 


0.6032 


20.75 


0.87 


-15.32 = 


= 0.02 


-16.05 ±0.05 


0.77 


1 


AGN-2 




115 




12005433 


214.01035 


52.40566 


0.7668 


21.15 


1.10 


-15.69 = 


= 0.05 


-16.35 ±0.11 


0.70 


1 


AGN-2 




116 




12005560 


214.04204 


52.40986 


0.4418 


20.13 


1.21 


-16.41: 


= 0.12 


< -16.77 


> 0.35 


1 


AGN-2 




117 


cgs_0148 


12005778 


213.94963 


52.41837 


0.6716 


20.93 


0.73 


-16.16 ±0.09 


-16.05 ±0.04 


-0.09 


1 


SF+AGN 




118 




12007534 


214.57448 


52.47220 


0.7170 


21.26 


0.85 


-16.04 ±0.09 


-16.49 ±0.14 


0.41 


1 


AGN-2 




119 




12007579 


214.53687 


52.47486 


0.6573 


21.35 


0.87 


-16.33 ±0.13 


< -16.70 


> 0.41 


1 


AGN-2 




120 


egs_0445 


12007896 


214.47087 


52.47754 


0.6711 


20.73 


0.71 


-16.26 ±0.13 


-16.03 ±0.05 


-0.23 


1 


SF+AGN 




121 


cgs_0374 


12008225 


214.35263 


52.50690 


0.4818 


19.66 


0.29 


-15.61 ±0.01 


< -17.22 


> 1.55 


1 


AGN-1 




122 




12008603 


214.26804 


52.45736 


0.4191 


21.00 


1.18 


-16.88 ±0.21 


< -16.90 


> 0.05 


1 


AGN-2 




123 


egs_0346 


12008608 


214.28719 


52.45261 


0.5319 


19.80 


1.19 


-16.35 ±0.12 


< -16.85 


> 0.49 


1 


AGN-2 




121 




12009257 


214.07956 


52.49295 


0.3527 


19.25 


1.17 


-16.48 ±0.16 


< -16.56 


> 0.11 


1 


AGN-2 




! 25 




12009287 


214.07515 


52.46996 


0.4662 


21.21 


0.85 


-16.60 ±0.15 


< -16.97 


> 0.39 


1 


AGN-2 




126 


egs.0610 


12011424 


214.67381 


52.53200 


0.6849 


20.67 


1.30 


< -16.03 


< -16.11 




2 


XBONG 




127 




12011465 


214.66512 


52.55250 


0.5339 


21.34 


1.14 


-16.76 ±0.19 


< -17.03 


> 0.'28 


1 


AGN-2 




L28 




12012451 


214.38219 


52.55571 


0.5706 


20.87 


1.25 


-16.34 ±0.14 


< -16.57 


> 0.22 


1 


AGN-2 




129 


cgs_0370 


12012471 


214.34766 


52.53162 


0.4836 


20.85 


0.49 


-15.79 ±0.03 


-16.35 ±0.05 


0.54 


1 


AGN-1 




130 


cgs_0369 


12012474 


214.34576 


52.52883 


0.4647 


20.67 


0.92 


-15.30 ±0.02 


-16.36 ±0.06 


1.08 


1 


AGN-2 




131 


cgs_0393 


12012543 


214.39099 


52.56374 


0.5506 


20.61 


0.75 


-15.46 ±0.03 


-15.92 ±0.04 


0.46 


1 


SF+AGN 




132 




12012566 


214.35150 


52.53736 


0.4825 


19.20 


1.03 


-15.65: 


= 0.05 


-16.42 ±0.18 


0.76 


1 


AGN-2 




L33 




12012848 


214.26193 


52.54360 


0.5321 


20.88 


0.98 


-16.45 = 


= 0.21 


< -16.71 


> 0.27 


1 


AGN-2 




13 1 


egs.0287 


12013154 


214.17487 


52.52867 


0.6044 


20.21 


1.00 


-15.21 = 


= 0.01 


-16.44 ±0.08 


1.26 


1 


AGN-2 




135 




12015292 


214.76270 


52.62329 


0.5493 


20.65 


1.33 


-16.48 = 


= 0.18 


< -16.74 


> 0.26 


1 


AGN-2 




136 




12015645 


214.68488 


52.59996 


0.6849 


21.22 


1.28 


-16.76 = 


= 0.17 


< -17.08 


> 0.31 


1 


AGN-2 
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EGSAGN 
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RA 
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z 
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log F Hfi 
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Survey 


Classification 


No 


ID(1) 


ObjNo (2) 


(J2000) 








(crg/s/cm 2 ) 




(3) 


(4) 


137 




12015657 


214.67033 


52.57345 


0.4222 


19.82 


1.15 


-16.68 d 


= 0.22 


< -16.80 


> 0.11 


1 


AGN-2 


L38 




12015978 


214.58771 


52.61986 


0.4208 


20.66 


1.22 


-16.86 = 


= 0.19 


< -16.97 


> 0.12 


1 


AGN-2 


i ;■■ 




12016021 


214.56915 


52.61103 


0.7133 


20.57 


1.32 


-16.65: 


= 0.20 


-16.70 ±0.16 


0.04 


1 


AGN-2 


110 


egs_0447 


12016316 


214.47377 


52.57961 


0.7188 


21.60 


0.83 


-16.04 ± 0.13 


< -16.50 


> 0.48 


1 


AGN-2 


in 




12016405 


214.47258 


52.59439 


0.6791 


20.22 


1.31 


-16.66 ±0.19 


< -16.93 


> 0.29 


1 


AGN-2 


112 


cgs_0407 


12016714 


214.41045 


52.62378 


0.4248 


21.56 


0.96 


< -16.70 


-16.77 ±0.19 


< 0.07 


2 


Blended 


1 13 


cgs_0390 


12016790 


214.38541 


52.57811 


0.4646 


19.59 


0.56 


-15.55 ±0.03 


-15.39 ±0.01 


-0.14 


1 


SF+AGN 


I'll 


cgs_0705 


12019136 


214.84639 


52.67060 


0.7340 


21.58 


1.04 


-15.42 ±0.05 


-16.30 ±0.11 


0.85 


1 


AGN-2 


115 


cgs_0699 


12019186 


214.83585 


52.66637 


0.4885 


20.75 


0.68 


-15.76 ±0.04 


-16.47 ±0.16 


0.70 


1 


AGN-1 


116 


cgs_0726 


12019189 


214.87509 


52.66192 


0.5510 


20.21 


1.29 


-15.78 ±0.11 


< -16.41 


> 0.65 


2 


AGN-2 


117 




12019603 


214.75455 


52.66646 


0.6783 


20.77 


1.22 


-16.40: 


= 0.18 


< -16.74 


> 0.32 


1 


AGN-2 


118 




12019616 


214.75995 


52.64568 


0.5827 


20.39 


1.25 


-16.04 = 


= 0.06 


< -16.82 


> 0.82 


1 


AGN-2 


! 19 




12019630 


214.72545 


52.62502 


0.5503 


20.41 


1.26 


-16.32: 


= 0.18 


< -16.75 


> 0.43 


2 


AGN-2 


150 


egs.0585 


12019829 


214.63342 


52.66808 


0.5701 


21.73 


1.20 


< -16.73 


< -16.77 




1 


XBONG 


151 




12020007 


214.69838 


52.67864 


0.7217 


21.18 


1.07 


-16.11: 


= 0.09 


-16.36 ±0.11 


0.29 


1 


AGN-2 


152 




12020010 


214.64638 


52.67614 


0.5706 


19.66 


1.36 


-16.56 = 


= 0.19 


< -16.74 


> 0.19 


1 


AGN-2 


153 




12020437 


214.59518 


52.63941 


0.5807 


20.02 


0.94 


-15.64 = 


= 0.03 


-16.05 ±0.04 


0.45 


1 


AGN-2 


154 




12020616 


214.50252 


52.65271 


0.3392 


20.97 


1.10 


-16.69 = 


= 0.14 


-16.67 ±0.14 


0.08 


1 


AGN-2 


155 


egs_0421 


12020721 


214.44063 


52.66439 


0.6979 


20.91 


1.30 


-16.10: 


= 0.18 


< -16.58 


> 0.38 


2 


AGN-2 


156 


cgs_0392 


12021115 


214.38583 


52.63831 


0.7168 


19.58 


1.19 


-15.75 ±0.06 


< -16.47 


> 0.72 


1 


AGN-2 


157 




12021116 


214.37271 


52.63787 


0.3556 


17.90 


1.26 


-15.63 d 


= 0.04 


-16.12 ±0.08 


0.50 


1 


AGN-2 


15:; 




12021407 


214.29414 


52.63745 


0.5925 


20.50 


1.04 


-15.89 = 


= 0.06 


< -16.71 


> 0.84 


1 


AGN-2 


1 V 




12021476 


214.29625 


52.62479 


0.6439 


20.04 


1.18 


-15.94 = 


= 0.08 


-16.46 ±0.18 


0.49 


1 


AGN-2 


160 


cgs_0783 


12023326 


214.96448 


52.70131 


0.5488 


20.61 


0.75 


-15.62 d 


= 0.05 


-16.69 ±0.21 


1.04 


2 


AGN-1 


161 


cgs_0673 


12024136 


214.79019 


52.68381 


0.7288 


20.45 


0.83 


< -16.09 


-16.12 ±0.10 


< 0.03 


1 


SF+AGN 


162 


cgs.0577 


12024309 


214.62466 


52.70436 


0.6435 


20.24 


0.86 


-16.30 ±0.13 


-16.22 ±0.08 


-0.09 


1 


SF+AGN 


163 


cgs_0584 


12024323 


214.63306 


52.68759 


0.5700 


20.53 


1.19 


< -16.63 


< -16.72 




1 


XBONG 


164 


cgs.0558 


12024913 


214.60120 


52.70196 


0.7594 


21.21 


0.62 


-16.40 ±0.15 


-16.07 ±0.05 


-0.33 


1 


SF+AGN 


165 


egs_0435 


12025262 


214.45734 


52.73520 


0.7437 


20.87 


0.91 


-15.44 ±0.05 


-16.17 ±0.10 


0.82 


2 


AGN-2 


166 


egs_0453 


12025302 


214.47919 


52.69567 


0.4636 


21.16 


1.02 


-15.53 ±0.02 


-16.58 ±0.08 


1.11 


1 


AGN-2 


167 




12025632 


214.38924 


52.71405 


0.4195 


20.46 


0.82 


-15.46 ±0.01 


-15.92 ±0.02 


0.50 


1 


AGN-2 


168 


cgs_0753 


12027585 


214.92807 


52.77725 


0.7843 


21.18 


0.80 


-15.49 ±0.02 


-16.16 ±0.06 


0.63 


1 


AGN-1 


L69 




12027757 


214.86462 


52.78273 


0.7369 


21.91 


0.92 


-16.19 ±0.10 


< -16.85 


> 0.65 


1 


AGN-2 


170 


egs_0691 


12027983 


214.82048 


52.78252 


0.4544 


21.69 


0.58 


-15.45 ±0.03 


-15.99 ±0.03 


0.55 


1 


SF+AGN 


171 




12028910 


214.52979 


52.76188 


0.6067 


21.98 


0.93 


-16.48 ±0.08 


< -16.97 


> 0.53 


1 


AGN-2 


172 




12029076 


214.54372 


52.78081 


0.3535 


18.93 


1.13 


-16.43 ±0.15 


< -16.67 


> 0.26 


1 


AGN-2 


73 




12029377 


214.50133 


52.76718 


0.6442 


20.46 


1.19 


-15.40 ±0.06 


< -16.55 


> 1.03 


1 


AGN-2 


1/ i 




13003825 


214.89467 


52.82994 


0.4617 


19.56 


1.12 


-16.42 ±0.14 


< -16.86 


> 0.44 


1 


AGN-2 


175 




13003865 


214.86230 


52.80200 


0.5471 


20.15 


1.45 


-16.43 ±0.21 


< -16.64 


> 0.19 


1 


AGN-2 


176 


cgs_0714 


13003867 


214.85877 


52.79933 


0.4352 


19.40 


1.45 


< -16.57 


< -16.77 




2 


XBONG 


177 




13004280 


214.78279 


52.83120 


0.4409 


18.50 


1.07 


-16.07 ±0.11 


< -16.54 


> 0.47 


1 


AGN-2 


178 


egs_0677 


13004312 


214.79359 


52.80868 


0.3459 


18.31 


1.27 


-16.31 ±0.14 


< -16.62 


> 0.31 


1 


AGN-2 


179 




13004317 


214.81565 


52.80694 


0.3464 


20.14 


1.06 


-16.23 ±0.17 


-16.43 ±0.19 


0.16 


2 


AGN-2 


180 




13004331 


214.79047 


52.79341 


0.3711 


19.42 


1.17 


-16.32 ±0.10 


-16.32 ±0.07 


0.00 


1 


AGN-2 


LSI 


egs.0818 


13009690 


215.03771 


52.87078 


0.5422 


20.43 


1.15 


-15.94 ±0.18 


< -16.33 


> 0.50 


2 


AGN-2 


L82 




13009980 


215.11288 


52.85669 


0.4561 


19.46 


1.14 


-15.94 ±0.11 


-16.38 ±0.13 


0.43 


2 


AGN-2 


1 83 




13009989 


215.10619 


52.85037 


0.4594 


19.43 


1.12 


-15.68 ±0.07 


-16.50 ±0.19 


0.81 


2 


AGN-2 


184 




13010501 


215.01120 


52.88775 


0.6707 


21.36 


1.12 


-16.29 ±0.11 


-16.81 ±0.18 


0.61 


1 


AGN-2 


185 


egs.0802 


13010503 


215.00620 


52.88623 


0.4614 


21.32 


1.02 


-16.93 ±0.19 


< -17.29 


> 0.36 


1 


AGN-2 


1 86 




13010507 


215.01846 


52.88343 


0.3668 


21.75 


0.49 


-15.27 ±0.05 


-16.47 ±0.17 


1.20 


1 


AGN-2 


187 




13010921 


214.87363 


52.86663 


0.3690 


18.73 


1.15 


-16.10 ±0.11 


-16.24 ±0.10 


0.15 


1 


AGN-2 


188 


cgs_0724 


13011062 


214.87428 


52.86858 


0.3698 


19.58 


1.07 


< -16.58 


< -16.79 




1 


XBONG 


189 




13011073 


214.93352 


52.85826 


0.7309 


21.43 


1.09 


-16.27 d 


= 0.14 


-16.81 ±0.18 


0'.52 


1 


AGN-2 


L90 




13011171 


214.91618 


52.87112 


0.4625 


20.33 


1.26 


-16.73 = 


= 0.21 


< -17.02 


> 0.29 


1 


AGN-2 


191 




13011196 


214.90547 


52.85097 


0.6703 


19.21 


0.96 


-14.66 = 


= 0.02 


-15.75 d 


= 0.11 


1.15 


1 


AGN-2 


192 




13011215 


214.87401 


52.83570 


0.4620 


21.05 


1.19 


-16.82 = 


= 0.20 


-17.02 = 


= 0.16 


0.18 


1 


AGN-2 


! 9:; 




13011657 


214.76202 


52.88325 


0.4408 


20.70 


1.17 


-16.36 = 


= 0.15 


-16.55 = 


= 0.16 


0.19 


1 


AGN-2 


191 


egs_0690 


13011701 


214.81995 


52.84563 


0.7403 


20.73 


0.88 


-16.34 = 


= 0.10 


-16.02 d 


= 0.04 


-0.26 


1 


SF+AGN 


195 




13011758 


214.80289 


52.89119 


0.3793 


18.89 


1.23 


-16.25 = 


= 0.18 


< -16.47 


> 0.22 


1 


AGN-2 


L96 




13011778 


214.81533 


52.87100 


0.4518 


20.08 


1.16 


-15.41: 


= 0.03 


-16.34 ±0.08 


0.95 


2 


AGN-2 


197 


egs_0692 


13011817 


214.82223 


52.84312 


0.6603 


19.91 


0.81 


-15.16 ±0.04 


-15.91 ±0.11 


0.84 


2 


AGN-2 


198 




13011894 


214.68234 


52.85892 


0.7618 


21.62 


1.19 


-16.48 ±0.19 


< -16.85 


> 0.35 


1 


AGN-2 


199 


cgs_0618 


13012268 


214.68341 


52.86171 


0.6796 


21.19 


0.94 


-15.50 ±0.02 


-16.40 ±0.07 


0.95 


1 


AGN-2 


.'Mil 


cgs_0604 


13012387 


214.66362 


52.86137 


0.3453 


18.73 


1.17 


-16.18 ±0.12 


-16.17 ±0.10 


0.00 


1 


AGN-2 


20! 




13017117 


215.14215 


52.91428 


0.7309 


21.36 


1.11 


-16.32 ±0.19 


< -16.81 


> 0.47 


1 


AGN-2 


292 


cgs_0893 


13017287 


215.13574 


52.94368 


0.6379 


21.07 


1.20 


-16.10 ±0.12 


< -16.51 


> 0.40 


1 


AGN-2 




cgs_0955 


13017327 


215.21848 


52.93956 


0.6764 


17.90 


0.04 


-14.97 ±0.04 


-15.30 ±0.03 


0.28 


2 


AGN-1 


204 




13017767 


215.03967 


52.93049 


0.7400 


21.31 


1.31 


-16.78: 


= 0.20 


-16.90: 


= 0.16 


0.09 


1 


AGN-2 


205 




13018001 


215.05138 


52.94855 


0.7399 


20.38 


1.14 


-16.33 = 


= 0.19 


-16.38 = 


= 0.14 


0.04 


1 


AGN-2 


206 


egs.0836 


13018061 


215.05704 


52.90372 


0.5755 


20.14 


0.74 


-15.54 = 


= 0.02 


-16.54 = 


= 0.11 


1.02 


1 


AGN-2 






c 



e 
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(3) 
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207 




13018614 


214.99104 


52.92006 


0.7478 


21.60 


1.07 


-16.38 =! 


= 0.21 


-16.64 =! 


= 0.20 


0.23 


1 


AGN-2 




208 




13019107 


214.86615 


52.94028 


0.5976 


20.31 


1.11 


-16.42 = 


= 0.19 


-16.50 = 


= 0.20 


0.10 


1 


AGN-2 




209 




13019234 


214.85989 


52.94123 


0.5103 


20.63 


1.14 


-16.47: 


= 0.18 


-16.68 = 


= 0.18 


0.23 


1 


AGN-2 




210 


egs_0748 


13019240 


214.91629 


52.93751 


0.7454 


21.44 


1.14 


-16.66 ±0.16 


< -16.95 


> 0.31 


1 


AGN-2 




211 


cgs_0683 


13019868 


214.80713 


52.89747 


0.5364 


20.18 


0.88 


-15.20 ±0.01 


-16.22 ±0.06 


1.09 


1 


AGN-2 




212 


cgs_0702 


13019950 


214.84204 


52.92208 


0.7690 


20.86 


1.08 


-15.18 ±0.02 


-16.16 ±0.06 


1.05 


1 


AGN-2 




213 




13019984 


214.80457 


52.89635 


0.5359 


19.51 


0.69 


-16.36: 


= 0.08 


< -16.95 


> 0.60 


1 


AGN-2 




211 




13020541 


214.66305 


52.94496 


0.5827 


21.07 


0.85 


-15.93 = 


= 0.22 


< -16.30 


> 0.41 


2 


AGN-2 




215 




13020619 


214.72878 


52.89186 


0.4414 


19.71 


1.25 


-16.35 = 


= 0.09 


< -16.82 


> 0.47 


I 


AGN-2 




216 




13024002 


215.33495 


52.98376 


0.4471 


20.92 


0.89 


-16.04 = 


= 0.13 


-16.60 ±0.17 


0.54 


2 


AGN-2 




217 




13025397 


215.19727 


52.97180 


0.7363 


20.37 


1.24 


-16.42: 


= 0.16 


< -16.77 


> 0.33 


1 


AGN-2 




218 


egs_0924 


13025417 


215.17453 


52.95694 


0.7451 


20.77 


1.20 


-16.35 ±0.10 


-16.42 ±0.08 


0.05 


1 


AGN-2 




219 




13025437 


215.14026 


52.98820 


0.7105 


21.26 


1.38 


-15.45 ±0.02 


-16.60 ±0.16 


1.15 


1 


AGN-2 




220 




13025468 


215.18042 


52.99598 


0.3509 


18.51 


1.15 


-16.12 ±0.18 


< -16.34 


> 0.22 


2 


AGN-2 




221 


egs.0943 


13025494 


215.20303 


52.97853 


0.7386 


21.17 


1.19 


-16.40 ±0.13 


-16.61 ±0.13 


0.17 


1 


AGN-2 




252 




13025503 


215.13287 


52.97287 


0.3789 


18.95 


1.17 


-16.45 ±0.14 


< -16.80 


> 0.34 


1 


AGN-2 




22:; 


egs_0898 


13025514 


215.13948 


52.96697 


0.5699 


19.47 


1.26 


< -16.50 


< -16.59 




1 


Gal 




221 




13025741 


215.11980 


52.97969 


0.7789 


21.32 


1.25 


-16.76 ±0.19 


< -16.82 


> o!o5 


1 


AGN-2 




225 


cgs_0861 


13026185 


215.08670 


52.97848 


0.6312 


21.11 


1.13 


< -16.83 


< -16.74 




1 


XBONG 




226 


cgs.0871 


13026227 


215.09863 


52.95120 


0.4622 


19.54 


1.01 


< -16.46 


-16.31 ±0.10 


< -6.14 


1 


SF+AGN 




227 




13026727 


215.00008 


52.98274 


0.7435 


21.77 


1.00 


-15.83 ±0.03 


-16.65 ±0.11 


0.88 


1 


AGN-2 




228 




13026882 


215.01663 


52.95243 


0.3540 


19.84 


1.06 


-16.73 ±0.17 


< -16.90 


> 0.19 


1 


AGN-2 




229 


cgs_0725 


13027442 


214.87381 


52.95618 


0.7676 


20.48 


1.29 


< -16.61 


< -16.80 




1 


XBONG 




230 




13027882 


214.79909 


52.96043 


0.5714 


19.86 


1.17 


-15.26: 


= 0.08 


< -16.06 


> 0.'84 


2 


AGN-2 




23] 




13028108 


214.79341 


52.98073 


0.3580 


19.67 


1.07 


-16.37 = 


= 0.11 


-16.49 ±0.12 


0.12 


1 


AGN-2 




252 




13028128 


214.76411 


52.96373 


0.6561 


19.54 


1.28 


-16.19 = 


= 0.18 


< -16.55 


> 0.36 


1 


AGN-2 




255 




13032374 


215.34123 


53.03220 


0.7320 


19.86 


1.14 


-15.85 = 


= 0.17 


-16.15 ±0.15 


0.24 


1 


AGN-2 




234 




13032376 


215.32700 


53.03075 


0.7320 


21.03 


1.08 


-15.92: 


= 0.10 


-16.38 ±0.11 


0.43 


1 


AGN-2 




235 


egs_1027 


13032511 


215.32881 


53.00916 


0.7395 


21.79 


0.78 


-16.28 ±0.07 


-16.41 ±0.06 


0.11 


1 


SF+AGN 




236 


cgs_0996 


13033068 


215.28231 


53.05504 


0.7368 


21.15 


0.34 


-16.30 ±0.17 


-16.79 ±0.18 


0.42 


:> 


AGN-1 




237 


cgs_1013 


13033179 


215.31338 


53.05981 


0.7394 


21.67 


0.43 


-16.37 ±0.12 


-16.43 ±0.19 


0.26 


2 


SF+AGN 




238 




13033207 


215.31697 


53.03967 


0.3778 


19.00 


1.17 


-16.26 ±0.10 


-16.59 ±0.14 


0.33 


1 


AGN-2 




255 


cgs_0989 


13033215 


215.27125 


53.03537 


0.7392 


20.22 


1.33 


< -15.97 


< -16.00 




2 


Gal 


K< 


210 


cgs_0934 


13033778 


215.18931 


53.05824 


0.3787 


18.87 


1.22 


< -16.43 


< -16.67 




2 


XBONG 




211 




13033927 


215.21864 


53.03823 


0.7349 


21.60 


1.22 


-16.10: 


= 0.09 


< -16.82 


> 0.70 


1 


AGN-2 


242 




13033952 


215.18712 


53.02296 


0.4329 


19.64 


1.12 


-16.37 = 


= 0.12 


-16.46 ±0.12 


0.11 


1 


AGN-2 


£ 


243 




13033958 


215.16339 


53.02019 


0.3666 


19.76 


1.10 


-16.67 = 


= 0.17 


< -16.94 


> 0.28 


1 


AGN-2 




244 


egs_0839 


13034447 


215.06064 


53.02398 


0.7482 


20.91 


1.10 


< -16.90 


< -17.09 




1 


XBONG 


p^ 


215 




13034610 


215.12338 


53.03746 


0.3478 


19.71 


1.17 


-16.77 : 


= 0.16 


< -16.97 


> 0.21 


1 


AGN-2 




246 


egs.0851 


13034618 


215.07686 


53.03268 


0.3557 


19.13 


1.15 


-16.11 = 


= 0.06 


< -16.80 


> 0.69 


1 


AGN-2 




217 




13034622 


215.12186 


53.02950 


0.4329 


19.97 


1.20 


-16.82 = 


= 0.19 


< -17.02 


> 0.20 


1 


AGN-2 




2!5 


egs.0782 


13035250 


214.96342 


53.01241 


0.7444 


19.82 


1.16 


-15.93 = 


= 0.11 


-16.30 ±0.16 


0.35 


1 


AGN-2 




2 1.5 




13035323 


214.96506 


53.01800 


0.7462 


21.37 


0.99 


-16.32 = 


= 0.09 


-16.56 ±0.09 


0.25 


1 


AGN-2 




250 


cgs_0716 


13035554 


214.86077 


53.03118 


0.6724 


21.02 


1.35 


-15.61 = 


= 0.11 


< -16.47 


> 0.80 


2 


AGN-2 




251 




13035739 


214.91626 


53.02839 


0.4562 


20.53 


1.06 


-15.79 = 


= 0.03 


-15.99 ±0.03 


0.22 


1 


AGN-2 




252 




13035831 


214.85316 


53.01901 


0.6782 


21.79 


1.01 


-16.67 = 


= 0.14 


< -17.04 


> 0.42 


1 


AGN-2 




253 




13035860 


214.91283 


53.03973 


0.7629 


21.61 


1.05 


-16.37 = 


= 0.13 


< -16.90 


> 0.53 


1 


AGN-2 




254 


cgs.0735 


13035954 


214.89311 


53.05591 


0.6110 


20.56 


1.16 


-16.22 = 


= 0.07 


-16.72 ±0.14 


0.50 


1 


AGN-2 




255 




13035995 


214.86253 


53.03141 


0.5106 


21.09 


0.95 


-16.51 = 


= 0.09 


-16.91 ±0.14 


0.42 


1 


AGN-2 




255 




13036013 


214.87405 


53.01782 


0.6777 


19.65 


1.10 


-15.37 = 


= 0.09 


-15.89 ±0.18 


0.58 


1 


AGN-2 




257 




13036642 


214.82635 


53.02877 


0.4195 


20.35 


1.16 


-16.68: 


= 0.17 


< -16.87 


> 0.19 


1 


AGN-2 




258 


cgs_0667 


13036677 


214.78314 


53.00728 


0.5630 


20.10 


0.66 


-15.75 ±0.04 


-16.39 ±0.16 


0.65 


1 


AGN-1 




259 


egs_1157 


13039488 


215.53809 


53.09995 


0.7575 


19.40 


0.48 


-15.25 ±0.04 


< -16.50 


> 1.23 


2 


AGN-1 




.•,,n 




13040160 


215.50137 


53.11680 


0.4586 


20.06 


1.16 


-16.78: 


= 0.18 


< -17.07 


> 0.28 


1 


AGN-2 




26] 


cgs_1105 


13040188 


215.46159 


53.09480 


0.3901 


19.43 


1.22 


-16.51 = 


= 0.12 


-15.97 ±0.05 


-0.40 


1 


SF+AGN 




262 




13040619 


215.37157 


53.09986 


0.7109 


21.46 


1.23 


-16.77 = 


= 0.13 


-16.84 ±0.15 


0.06 


1 


AGN-2 




263 




13040675 


215.38112 


53.07705 


0.4179 


21.46 


0.87 


-15.98 = 


= 0.04 


-16.45 ±0.07 


0.50 


1 


AGN-2 




261 




13040854 


215.32623 


53.09688 


0.4354 


20.86 


0.86 


-16.40 = 


= 0.11 


< -16.76 


> 0.39 


1 


AGN-2 




265 




13040894 


215.36708 


53.10523 


0.7092 


20.51 


1.18 


-16.56 = 


= 0.14 


-16.71 ±0.19 


0.14 


1 


AGN-2 




266 




13040903 


215.37381 


53.10111 


0.5312 


21.10 


1.02 


-15.96: 


= 0.05 


-16.22 ±0.06 


0.30 


1 


AGN-2 




267 


egs_1044 


13040957 


215.35161 


53.06601 


0.6779 


20.22 


1.04 


< -15.62 


< -16.13 




2 


XBONG 




265 




13042327 


215.20277 


53.10669 


0.3546 


18.89 


1.33 


-15.99 ±0.07 


< -16.61 


> 0.'62 


1 


AGN-2 




265 




13042335 


215.22481 


53.10232 


0.3545 


19.97 


1.14 


-16.59 ±0.14 


< -16.86 


> 0.28 


1 


AGN-2 




270 


cgs_0889 


13042341 


215.13486 


53.09865 


0.4345 


20.03 


1.19 


< -16.80 


< -16.88 




1 


XBONG 




271 


cgs_0819 


13043031 


215.03812 


53.10342 


0.7633 


21.83 


1.15 


< -16.62 


< -16.74 




1 


XBONG 




2' 2 




13043673 


214.94967 


53.11792 


0.7466 


20.61 


0.60 


-15.70 ±0.08 


< -16.42 


> a 77 


2 


AGN-2 




273 




13043702 


214.98361 


53.09675 


0.3547 


19.08 


1.14 


-16.38: 


= 0.16 


-16.42 ±0.14 


0.07 


1 


AGN-2 




271 




13047962 


215.55843 


53.15877 


0.6915 


21.81 


0.62 


-15.48 = 


= 0.02 


-16.37 ±0.05 


0.88 


1 


AGN-2 




275 




13048575 


215.44892 


53.17318 


0.6787 


20.53 


1.28 


-15.69 = 


= 0.18 


< -16.24 


> 0.57 


2 


AGN-2 




_■:■■ 


cgs_1030 


13049115 


215.33679 


53.12429 


0.4655 


20.22 


0.68 


-15.71 = 


= 0.05 


-15.81 ±0.04 


0.13 


1 


SF+AGN 
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(3) 


(4) 


277 




13049199 


215.39731 


53.14485 


0.5716 


21.64 


0.92 


-16.65 =! 


= 0.13 


-16.90 ±0.15 


0.30 


1 


AGN-2 


278 




13049743 


215.23357 


53.15166 


0.6715 


21.20 


0.90 


-15.85 = 


= 0.17 


< -16.42 


> 0.58 


2 


AGN-2 


279 


egs_0917 


13050479 


215.16222 


53.13790 


0.6873 


21.22 


1.24 


-15.45 = 


= 0.03 


-16.29 ±0.10 


0.87 


1 


AGN-2 


280 




13050506 


215.13316 


53.16930 


0.7175 


21.78 


1.11 


-16.22 = 


= 0.10 


-16.42 ±0.10 


0.21 


1 


AGN-2 


28 J 




13050545 


215.18217 


53.16978 


0.8066 


20.77 


1.25 


-16.30 = 


= 0.10 


-16.77 ±0.18 


0.41 


1 


AGN-2 


282 




13050592 


215.16920 


53.14497 


0.5497 


20.21 


0.99 


-15.95: 


= 0.06 


< -16.79 


> 0.88 


1 


AGN-2 


283 


egs_0899 


13050600 


215.13885 


53.13954 


0.7380 


18.88 


1.34 


< -15.25 


< -15.45 




2 


XBONG 


284 




13051178 


215.04519 


53.14959 


0.6878 


21.77 


0.60 


-15.69: 


= 0.13 


< -16.21 


> a 73 


2 


AGN-2 


285 




13051207 


215.04222 


53.12734 


0.5747 


20.29 


1.15 


-15.45 = 


= 0.04 


-16.06 ±0.07 


0.60 


1 


AGN-2 


286 




13051923 


215.00124 


53.12522 


0.3537 


18.62 


1.28 


-16.08 = 


= 0.11 


< -16.48 


> 0.40 


1 


AGN-2 


287 




13051924 


215.01083 


53.12492 


0.3531 


18.96 


1.23 


-16.46 = 


= 0.14 


< -16.78 


> 0.33 


1 


AGN-2 


288 




13055483 


215.61987 


53.23400 


0.6946 


21.14 


0.94 


-16.21 = 


= 0.20 


< -16.57 


> 0.32 


2 


AGN-2 


289 




13056236 


215.57861 


53.19849 


0.7011 


21.39 


1.17 


-15.74 = 


= 0.06 


-16.34 ±0.13 


0.57 


1 


AGN-2 


290 


egs_1114 


13056732 


215.47356 


53.23130 


0.6720 


20.50 


1.02 


-15.37 = 


= 0.02 


-16.38 ±0.07 


1.02 


1 


AGN-2 


29] 




13056838 


215.50259 


53.18146 


0.6782 


21.00 


1.24 


-16.74 = 


= 0.19 


< -17.05 


> 0.28 


1 


AGN-2 


:>?!:> 




13056845 


215.44473 


53.23426 


0.6721 


20.30 


1.14 


-16.56: 


= 0.20 


< -16.82 


> 0.28 


1 


AGN-2 


293 




13056869 


215.42471 


53.21977 


0.6793 


20.64 


1.34 


-16.71 ±0.16 


< -17.07 


> 0.36 


1 


AGN-2 


294 


egs_1136 


13056914 


215.50252 


53.19047 


0.5609 


19.25 


0.99 


< -16.19 


< -16.47 




2 


XBONG 


295 




13058008 


215.31335 


53.18832 


0.7087 


21.06 


1.14 


-15.30: 


= 0.02 


-16.27 ±0.12 


0^99 


1 


AGN-2 


_•■>,, 




13058102 


215.25298 


53.20337 


0.3827 


19.74 


1.22 


-16.72 = 


= 0.18 


< -17.00 


> 0.29 


1 


AGN-2 


297 




13058131 


215.24632 


53.18076 


0.7139 


21.42 


1.23 


-16.71 = 


= 0.21 


< -16.87 


> 0.15 


1 


AGN-2 


298 




13058183 


215.27882 


53.22486 


0.3921 


20.60 


1.12 


-16.51: 


= 0.15 


< -16.86 


> 0.34 


1 


AGN-2 


299 


egs_0968 


13058235 


215.23860 


53.18446 


0.7136 


21.49 


1.21 


-15.84 ±0.03 


-16.66 ±0.10 


0.85 


1 


AGN-2 







13058752 


215.13882 


53.18595 


0.6771 


20.38 


1.27 


-16.43: 


= 0.18 


< -16.74 


> 0.31 


1 


AGN-2 


30] 




13058803 


215.21223 


53.20697 


0.6374 


20.33 


1.29 


-16.53 = 


= 0.13 


< -16.94 


> 0.40 


1 


AGN-2 


302 




13058823 


215.20148 


53.19695 


0.5560 


21.26 


1.11 


-16.32 = 


= 0.10 


< -16.89 


> 0.60 


1 


AGN-2 


303 




13058839 


215.17076 


53.18364 


0.3547 


18.64 


1.27 


-16.14 = 


= 0.09 


-16.41 ±0.13 


0.28 


1 


AGN-2 


30 1 




13059384 


215.08408 


53.23315 


0.4695 


20.63 


1.23 


-16.43 = 


= 0.20 


< -16.76 


> 0.39 


2 


AGN-2 


.305 


cgs_1195 


13062928 


215.61546 


53.23870 


0.7292 


21.75 


1.20 


< -16.28 


< -16.34 




> 


XBONG 


306 




13063197 


215.65708 


53.24151 


0.7545 


20.81 


1.25 


-15.81 ±0.13 


< -16.61 


> 0.78 


2 


AGN-2 


30, 




13063488 


215.56953 


53.24950 


0.6060 


20.01 


1.02 


-15.87 ±0.10 


< -16.28 


> 0.40 


1 


AGN-2 


308 


cgs_1174 


13063578 


215.58286 


53.25450 


0.6361 


20.22 


0.78 


-15.58 ±0.02 


-15.39 ±0.02 


-0.14 


1 


AGN-1 


309 




13063707 


215.46152 


53.24840 


0.7101 


20.98 


1.19 


-16.47 ±0.16 


< -16.63 


> 0.16 


1 


AGN-2 


310 


cgs_1081 


13063920 


215.42412 


53.25177 


0.5589 


20.29 


0.59 


-16.04 ±0.05 


-15.69 ±0.02 


-0.34 


1 


SF+AGN 


311 




13064305 


215.35243 


53.25941 


0.4453 


19.42 


1.09 


-16.51 ±0.20 


< -16.85 


> 0.33 


1 


AGN-2 


312 


cgs_1071 


13064321 


215.40923 


53.24750 


0.6695 


21.51 


1.22 


-16.70 ±0.14 


-17.11 ±0.20 


0.46 


1 


AGN-2 


313 




13064472 


215.31825 


53.26095 


0.7405 


21.63 


1.23 


-16.13 ±0.04 


-16.82 ±0.10 


0.68 


1 


AGN-2 


31 i 


egs_0747 


13101998 


214.91539 


52.91878 


0.7546 


21.20 


0.79 


-15.54 ±0.02 


-16.07 ±0.03 


0.50 


1 


AGN-2 


315 




14001330 


215.80038 


53.24900 


0.7674 


21.29 


0.84 


-15.98 ±0.14 


< -16.45 


> 0.64 


:> 


AGN-2 


316 




14005583 


215.75452 


53.31112 


0.6813 


20.52 


1.21 


-16.43: 


= 0.14 


-16.56 ±0.11 


0.11 


1 


AGN-2 


31V 




14005765 


215.75554 


53.27140 


0.6803 


20.26 


0.85 


-15.81 = 


= 0.21 


-16.19 ±0.20 


0.40 


2 


AGN-2 


318 




14006154 


215.68740 


53.27952 


0.7219 


20.78 


1.11 


-15.89 = 


= 0.19 


< -16.11 


> 0.29 


2 


AGN-2 


319 




14006225 


215.70694 


53.31096 


0.6344 


19.73 


0.97 


-15.67 = 


= 0.08 


-15.64 ±0.07 


-0.05 


1 


AGN-1 


320 




14006257 


215.73434 


53.28779 


0.6858 


21.27 


1.14 


-16.73 = 


= 0.17 


< -17.02 


> 0.31 


1 


AGN-2 


32 1. 




14006702 


215.56920 


53.29696 


0.4980 


20.21 


1 in 


-16.16: 


= 0.06 


-16.56 ±0.13 


0.42 


1 


AGN-2 


322 




14006727 


215.57568 


53.27760 


0.3562 


19.01 


2.06 


-15.63 ±0.04 


-16.01 ±0.06 


0.37 


2 


AGN-2 


323 


cgs_1102 


14007146 


215.45893 


53.31067 


0.5736 


20.20 


1.27 


< -15.90 


< -16.32 




2 


XBONG 


324 




14007176 


215.53458 


53.29059 


0.4306 


19.50 


1.18 


-16.21 ±0.09 


-16.55 ±0.16 


o'.33 


1 


AGN-2 


325 




14007560 


215.42955 


53.30557 


0.7653 


20.94 


1.17 


-15.78 ±0.04 


-16.62 ±0.12 


0.84 


1 


AGN-2 


326 




14007624 


215.40796 


53.28931 


0.4505 


20.14 


1.26 


-16.44 ±0.11 


-16.41 ±0.07 


-0.01 


1 


AGN-2 


327 


cgs_1075 


14007649 


215.41282 


53.26965 


0.3509 


20.42 


1.05 


-15.71 ±0.04 


-16.45 ±0.10 


0.72 


2 


AGN-2 


328 




14007947 


215.33629 


53.29414 


0.6875 


21.60 


1.02 


-16.28 ±0.06 


< -17.08 


> 0.79 


1 


AGN-2 


329 


cgs_0984 


14007988 


215.26402 


53.30631 


0.7088 


20.50 


0.54 


-15.84 ±0.04 


-16.27 ±0.06 


0.41 


1 


AGN-1 


330 


cgs_1041 


14008025 


215.34576 


53.31094 


0.5731 


19.29 


1.24 


< -16.16 


< -16.41 




1 


XBONG 


331 




14010918 


215.84533 


53.32498 


0.4073 


18.38 


1.15 


-15.95 ±0.18 


-16.05 ±0.16 


o'.08 


2 


AGN-2 


332 




14011211 


215.81438 


53.33645 


0.6024 


21.00 


1.20 


-16.72 ±0.20 


-17.14 ±0.20 


0.33 


1 


AGN-2 


333 




14011283 


215.77611 


53.36661 


0.6149 


20.42 


1.42 


-16.85 ±0.20 


< -17.02 


> 0.15 


1 


AGN-2 


33 i 


cgs_1206 


14011813 


215.65298 


53.36228 


0.7697 


20.65 


1.03 


-15.57 ±0.02 


-16.02 ±0.03 


0.46 


1 


AGN-2 


335 




14012248 


215.56296 


53.35854 


0.7653 


21.30 


1.37 


-16.87 ±0.21 


< -17.20 


> 0.30 


1 


AGN-2 




egs.1196 


14012314 


215.61560 


53.38070 


0.3554 


19.29 


1.06 


-16.28 ±0.18 


-16.21 ±0.10 


-0.08 


2 


SF+AGN 


337 


cgs_1103 


14012868 


215.45920 


53.34058 


0.6710 


20.53 


1.13 


-16.24 ±0.10 


-16.45 ±0.10 


0.21 


1 


AGN-2 


33,8 


cgs.1097 


14013393 


215.45317 


53.34676 


0.6716 


20.17 


1.38 


-16.16 ±0.10 


< -16.69 


> 0.53 


1 


AGN-2 


339 




14013542 


215.29845 


53.32955 


0.7662 


21.01 


0.97 


-16.61 ±0.13 


-16.88 ±0.13 


0.28 


1 


AGN-2 


310 


cgs_1015 


14013811 


215.31638 


53.33019 


0.4272 


20.81 


0.63 


-15.58 ±0.02 


-16.25 ±0.05 


0.70 


1 


AGN-2 


341 




14014263 


215.25688 


53.36148 


0.5696 


19.46 


1.03 


-15.65 ±0.20 


< -15.94 


> 0.28 


2 


AGN-2 


342 




14016536 


215.89078 


53.41935 


0.7834 


21.62 


1.36 


-16.65: 


= 0.20 


< -16.75 


> 0.05 


1 


AGN-2 


343 




14016630 


215.85455 


53.43721 


0.4430 


19.86 


1.26 


-16.34 = 


= 0.09 


< -16.90 


> 0.53 


1 


AGN-2 


311 




14016667 


215.86427 


53.40709 


0.7672 


20.73 


1.06 


-15.33: 


= 0.02 


-16.09 ±0.04 


0.86 


1 


AGN-2 


315 


egs_1293 


14017079 


215.82256 


53.42390 


0.6310 


20.20 


1.07 


< -16.41 


< -16.36 




1 


XBONG 


346 


cgs_1244 


14017382 


215.70819 


53.38271 


0.4428 


20.86 


1.08 


-16.08 ±0.10 


-16.02 ±0.06 


-0.04 


2 


SF+AGN 


317 


cgs.1207 


14017523 


215.65463 


53.43590 


0.5114 


20.30 


0.84 


-15.35 ±0.01 


-15.81 ±0.02 


0.45 


1 


AGN-2 






c 

=3 



e 



> 

O 

1 
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LNG2009 


DEEP2 


RA 
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Survey 


Classification 


to 


No 


ID(1) 


ObjNo (2) 


(J2000) 








(erg/s/cm 2 ) 




(3) 


(4) 




348 




14018001 


215.61223 


53.42194 


0.3555 


19.12 


1.12 


-16.67 d 


= 0.20 


< -16.84 


> 0.19 


1 


AGN-2 




349 




14018380 


215.51559 


53.43000 


0.7878 


21.98 


" 72 


-15.78 = 


= 0.05 


-16.41 ±0.12 


0.73 


1 


AGN-2 




350 




14018776 


215.38621 


53.38613 


0.6371 


20.84 


1.10 


-15.96 = 


= 0.14 


< -16.39 


> 0.37 


2 


AGN-2 




351 




14018802 


215.42799 


53.42478 


0.6364 


21.72 


1.21 


-16.86 = 


= 0.18 


< -16.99 


> 0.11 


1 


AGN-2 




352 




14018805 


215.43602 


53.41988 


0.6367 


21.17 


1.10 


-16.67 = 


= 0.15 


< -16.90 


> 0.21 


1 


AGN-2 




353 




14018830 


215.43962 


53.38706 


0.6188 


22.00 


1.18 


-16.75 = 


= 0.19 


< -16.80 


> 0.05 


1 


AGN-2 




354 




14018925 


215.40747 


53.38294 


0.7611 


20.56 


1.02 


-16.40 = 


= 0.18 


< -16.70 


> 0.36 


1 


AGN-2 




355 




14022036 


215.95416 


53.44591 


0.4087 


19.30 


1.11 


-15.87 = 


= 0.07 


< -16.49 


> 0.66 


1 


AGN-2 




356 


cgs.1267 


14022888 


215.76204 


53.43998 


0.6156 


19.97 


0.73 


-15.68 = 


= 0.07 


-15.52 ±0.05 


-0.12 


1 


SF±AGN 




357 




14023340 


215.65662 


53.47221 


0.5091 


20.40 


1.26 


-16.41 = 


= 0.10 


-16.66: 


= 0.14 


0.24 


1 


AGN-2 




358 




14023725 


215.63082 


53.44194 


0.6356 


21.37 


0.88 


-15.95 = 


= 0.10 


-16.36 = 


= 0.16 


0.40 


2 


AGN-2 




359 




14024142 


215.51714 


53.47835 


0.3574 


19.75 


0.95 


-15.87: 


= 0.07 


-16.15: 


= 0.09 


0.28 


2 


AGN-2 




360 


egs_1095 


14024634 


215.44897 


53.47337 


0.6040 


20.47 


1.15 


-16.04 ±0.06 


-16.37 ±0.11 


0.35 


1 


AGN-2 




361 


ogs_1306 


14028007 


215.85330 


53.51669 


0.7697 


20.46 


1.43 


< -16.46 


< -16.71 




1 


XBONG 




362 




14028114 


215.87643 


53.50116 


0.3500 


18.85 


1.32 


-16.36 ±0.11 


< -16.74 


> 1X39 


1 


AGN-2 




363 




14028159 


215.85008 


53.51573 


0.4417 


19.68 


1.29 


-16.54 ±0.11 


< -16.97 


> 0.41 


1 


AGN-2 




36 i 


egs.1263 


14028502 


215.75780 


53.54840 


0.4133 


19.14 


1.04 


-15.88 ±0.06 


-16.15 ±0.10 


0.26 


1 


AGN-2 




365 




14028987 


215.72119 


53.53766 


0.7416 


20.67 


1.19 


-16.82: 


= 0.21 


< -17.05 


> 0.22 


1 


AGN-2 




366 




14029001 


215.69868 


53.52681 


0.6421 


21.74 


1.29 


-16.68 = 


= 0.15 


< -16.86 


> 0.18 


1 


AGN-2 




36V 




14029014 


215.68240 


53.51499 


0.4569 


18.59 


1.19 


-16.28 = 


= 0.14 


< -16.69 


> 0.41 


1 


AGN-2 




368 


cgs_1193 


14029471 


215.61250 


53.50137 


0.4854 


19.36 


1.00 


-15.38 = 


= 0.02 


-15.77 ±0.04 


0.44 


1 


AGN-2 




369 




14034717 


215.74310 


53.55619 


0.7406 


21.77 


0.97 


-16.68 = 


= 0.21 


< -16.87 


> 0.30 


1 


AGN-2 




3' o 




14034728 


215.71265 


53.60481 


0.3868 


18.77 


1.21 


-15.36: 


= 0.02 


-16.72 ±0.22 


1.38 


1 


AGN-2 




371 


cgs_1189 


14035190 


215.60696 


53.57407 


0.7576 


20.17 


0.71 


-15.82 ±0.06 


-16.01 ±0.04 


0.17 


1 


AGN-1 




372 




14035196 


215.56306 


53.56962 


0.4132 


19.89 


1.18 


-16.41 ±0.16 


< -16.50 


> 0.10 


1 


AGN-2 




3,3 




14035205 


215.64598 


53.56277 


0.4138 


18.87 


1.20 


-16.10 ±0.19 


< -16.25 


> 0.16 


2 


AGN-2 




374 


egs.1292 


14100240 


215.82221 


53.31287 


0.5142 


21.44 


0.61 


< -16.45 


-16.57 ±0.21 


< 0.12 


2 


AGN-1 





(1) ID in (Laird ct al. 2009). X-ray undetected sources have no ID. 

(2) DEEP2 object number; see http://dccp.bcrkclcy.edu/DRl/photo.primcr.html . 

(3) Source of the redshift, [O III], and H£ measurements: 1 - DEEP2, 2 - MMT/Hectospcc follow-up. 

(4) Classsifications: AGN-1 — Type 1 AGN; AGN-2 — optically selected Type 2 AGN, including both X-ray detected and undetected; SF+AGN — X-ray loud, composite galaxies; XBONG — X-ray 
Bright, Optically Normal Galaxies; Gal — X-ray detected normal galaxies; Ambiguous — X-ray sources with ambiguous optical classifications; Blended — known cases of blended objects for which 
the optical spectrum and the X-rays are from different objects. 






(5) DEEP2 Object 11027275 is a B-band drop out; its U-B color is not available. 



